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Abstract 
 
The goal of this project was to identify areas affected by stormwater control issues at Treasure 
Valley Scout Reservation and to design solutions to address these problems. This was accomplished through 
site visits, GIS mapping, water sampling and testing, and a hydrologic analysis of the contributing area. 
Using that information, a rain garden was designed to address the erosion of campsites, and a replacement 
culvert was designed to reduce flooding of the overpassing road.  
 
  
 ii 
 
Capstone Design Statement 
 
The Capstone Design Requirement for the WPI’s Department of Civil and Environmental 
Engineering requires that all students participate in a culminating project that brings together knowledge 
learned from the classroom, knowledge learned from real-world experiences, and knowledge learned while 
working on the project. In order to meet the WPI capstone requirement of this project, a stormwater 
management plan was designed for the Treasure Valley Scout Reservation. This stormwater management 
plan involved the design of a culvert and a rain garden. This plan was developed through site visits and 
assessments, a sampling effort, and hydrologic modeling to estimate runoff and streamflow. This 
management plan included recommendations for the use of various BMPs that are useful at specified 
locations on site. This project considered many constraints and addressed economic, environmental, 
sustainability, constructability, ethical, health and safety, social, and political issues as follows: 
Economic: The land management plan was economically feasible for Treasure Valley Scout Reservation in 
order to reduce maintenance costs. BMPs selected were chosen based on their short and long term economic 
feasibility.  
Environmental: Because the purpose of this project was to develop a land management plan that will 
improve Browning Pond water quality and stormwater conditions on Treasure Valley Scout Reservation, 
environmental issues were of primary importance. 
Sustainability: The stormwater management solutions needed to be sustainable for the site and sustainability 
was heavily considered in the recommended BMP and stormwater management designs.  
Constructability: Designs for this project included BMPs chosen to specifically accommodate Treasure 
Valley Scout Reservation. The BMP designs considered manufacturability in materials and maintenance 
requirements so they can be accurately and successfully implemented on site.  
Ethical: This project, which included research, report writing, field and lab work, and designs, was carried 
out in a way that adheres to moral and ethical standards, specifically that of the American Society of Civil 
Engineers (ASCE) Code of Ethics. This code of ethics focuses around the values of integrity, respect, 
excellence, continuous improvement, and professionalism. This code guided our methods throughout the 
project. 
Health and Safety: This project focused on improving the stormwater management and water quality of 
Browning Pond. Improving the water quality of Browning Pond can make it safer for the Boy Scouts to use 
and swim in and will benefit waterbodies downstream that Browning Pond contributes to. 
Social and Political: Because Treasure Valley Scout Reservation includes land located in four different 
towns, these political constraints and individual town regulations were consulted for design solutions. Water 
quality is important to maintain between the towns so one is not directly contributing to the pollution of the 
next. 
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Professional Licensure 
 
 Engineers have been required to receive certification to practice for approximately 100 years. A 
professional engineer license indicates that the engineer can be trusted with ethical dilemmas related to 
engineering, as well as can be expected to have adequate knowledge of the fundamentals of engineering to 
complete a project. Only a professional engineer can prepare, sign, seal, and submit engineering plans to a 
public authority. It is a legal requirement for consulting engineers, and is almost a necessity to succeed in 
the engineering field. Some states are starting to require those that teach engineering also be licensed. Those 
not licensed as a professional engineer are not allowed to advertise themselves as an engineer or offer 
engineering services regardless of what engineering degree they obtained. Those licensed as a professional 
engineer have better job security, have more positions open to them, and hold themselves to a higher 
standard in terms of ethics and quality. 
To obtain a professional engineer license one must first pass the Fundamentals of Engineering 
exam. This exam can only be taken by graduates or students close to graduating with an engineering degree. 
The exam is offered year round at NCEES-approved Pearson VUE testing centers. Once the Fundamentals 
of Engineering exam is passed and an engineering degree is obtained, one must obtain four years of 
engineering experience. Then that person is able to take the professional engineer exam. This exam is 
offered twice a year at NCEES-approved Pearson VUE testing centers, and is state-specific. To practice 
engineering in several states, the person must be licensed in each individual state.  
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Executive Summary 
Treasure Valley Scout Reservation is a rural Boy Scout camp that suffers from erosion and 
stormwater management issues. The steep slopes and frequent use experienced by areas within the property 
contribute to poor infiltration and excessive runoff. This runoff provides a means for sediment transport 
and carries contaminants into Browning Pond. This pond is a publically used water body located at the base 
of the slopes in the property and is a highly valued and frequently used asset for the reservation.  
The goal of this project was to accurately identify and control problematic stormwater flows to 
prevent erosion and contaminant flow into Browning Pond as well as other downstream locations. This goal 
was achieved by developing a plan containing three main steps. The first step in this process was to analyze 
existing conditions and identify potential issues through site visits. The second was to sample stormwater 
at several locations and perform laboratory tests to determine areas of concern. The final step was to design 
a set of best management practices and stormwater management tools to control stormwater flow and 
address some stormwater quality concerns. This step also included a cost analysis for the designs created 
and recommendations for further investigation in relation to stormwater management at Treasure Valley 
Scout Reservation. 
Areas of interest were identified during site visits based on conversations with Treasure Valley 
staff, location in the watershed, and observations of erosion. These areas included campsites and roads 
which experienced frequent use and were heavily compacted, stream locations near existing culverts, both 
upstream and downstream of stormwater flow, and Browning Pond itself. GIS mapping allowed a visual 
overview of the watershed, stream locations, and land slopes which aided in the selection of key upstream 
and downstream sampling locations. Seven locations were identified. 
Stormwater samples were taken at seven locations in the month of November. Laboratory tests 
were performed to determine nutrient, dissolved oxygen, pH, turbidity, and total suspended solid levels. 
These tests revealed select areas with high turbidity and total suspended solid levels indicating sediment 
transport, slightly low pH levels at most locations, and high phosphorous levels at all locations.  
A ranking system was created to summarize the overall condition of each sampling location, as 
well as other areas in the property, such as roads, campsites, and fields. The ranking system was used to 
identify locations contributing greatest to the stormwater issue or experiencing the greatest repercussions 
of the stormwater issue. This ranking system identified areas that required further investigation.  
The chosen BMP was a rain garden for use in campsites experiencing sheet flow and erosion from 
stormwater runoff. For this project, rain gardens were specifically designed to handle runoff from the 
pavilion rooftops to meet the needs of Treasure Valley. Stormwater will be collected from the pavilion 
rooftops to prevent divots around the pavilion and help reduce the amount of sediment and nutrient transport 
to Browning Pond off the campsites. Soil and plant types were selected to best suit the topography found 
at Treasure Valley.  
Stormwater sampling for one specific location revealed problematic levels for all parameters tested 
except for dissolved oxygen. At this location was an existing broken culvert that was not serving its intended 
purpose. The flowrates required for this culvert were determined through hydrologic analysis using the TR-
55 method and GIS mapping. For this project, the recommended culvert design included a more stable 
material that would reduce scouring, prevent roadway erosion, and wouldn’t lead to overflow during storms. 
Several parameter, such as culvert length, slope, and diameter, were varied and analyzed to ensure a design 
best suited for the Treasure Valley property.  
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The methods used for this project could be applied to other rural areas experiencing stormwater 
quality problems similar to those at Treasure Valley. The implementation of the rain garden and culvert 
design were recommended to the Treasure Valley staff. Included in this report are detailed explanations of 
the processes taken and recommendations made to address Treasure Valley’s erosion and stormwater 
quality problems. Also included are recommendations for future investigation in areas that this project did 
not have time to address such as the beaver dam problem, the milfoil and pond lily infestation, as well as 
others.  
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1.0  Introduction 
 Improper stormwater management results in environmental issues that can harm both the natural 
and man-made worlds. Without proper stormwater management, road erosion and uncontrolled flooding 
are commonplace. This can lead to costly issues of contamination and require extreme facility maintenance. 
Stormwater commonly drains into existing water bodies and unfortunately it is not just the water that drains; 
it is also any sediment and contamination carried with it.  
These types of problems impede daily operations of facilities that depend on the natural 
environment, including those at Treasure Valley Scout Reservation in Rutland, MA. The reservation is an 
expansive natural area containing several camp sites with buildings for administrative and recreational 
purposes. It is built over the walls of a valley with steep slopes, causing the majority of the precipitation to 
drain into Browning Pond, the pond between the two valley walls, with minimal infiltration. The stormwater 
carries with it contaminants and silt, thus increasing the nutrient content in the pond water and diminishing 
the overall quality of the water.  
The volunteers and staff at Treasure Valley have made many attempts to control stormwater flow 
within the property. This includes digging ditches, installing culverts, planting various types of vegetation, 
and bringing in new materials for the roads. However, the majority of these attempts have been 
unsuccessful. The water often flows over the roads rather than being guided by the ditches, washing out 
whatever material is placed there; it overflows several of the culverts, especially those by the waterfront 
which receive heavier use but are of similar size to those upstream, and flows through the majority of the 
vegetation rather than being resisted by it.  
 In addition, Browning Pond is experiencing excessive growth of milfoil, pond lilies, and potentially 
algae, as seen in Figure 1, that are unfavorable to the Boy Scout recreational activities in the warmer months. 
Identifying and preventing the contamination carried in stormwater through management techniques will 
help control the invasion, the well-being of native aquatic and plant life, and the quality of the water as a 
whole. The Reservation requires improved stormwater management to prevent flooding and erosion of the 
site’s roads and campsites, as well as to reduce contamination of Browning Pond. 
 
Figure 1: Browning Pond (MacLaren, 18 September 2015) 
The goal of this project was to accurately identify and control problematic stormwater flows that 
erode the roads and campsites and lead to contamination of Browning Pond. This goal was achieved by 
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developing a plan to control the flow of stormwater and contamination into Browning Pond, as well as the 
flooding and washout of roads and campsites. At the conclusion of the project a series of recommendations 
were provided to sustainably divert and manage stormwater flow and promote infiltration.  
To investigate the levels contamination, the inflows entering Browning Pond, including constant 
stream inflows and those caused by stormwater runoff, were identified. Sampling was done to determine 
the compositions of these inflows. This revealed what is entering the pond and from where. These areas 
would require the most intensive stormwater management utilizing Best Management Practices (BMPs) to 
prevent sediment and nutrients from entering the pond. 
In order to address the issue of sediment transport into Browning Pond and eroding land, 
specifically that of the roads and campsites, ArcMap and the USDA TR-55 method were used. ArcMap 
assisted in determining the topography of the site, including the slopes of the land and soil types, as well as 
the uses for land surrounding the Treasure Valley property and the area upstream of Browning Pond. The 
TR-55 method was intended to determine flowrates and flow paths during various types of storms and 
would aid in creating hydrographs to analyze this information, such as how flowrates and concentrations 
of contaminants change throughout the course of a storm.  
The roads and campsites were monitored and observed during storms to assist in predicting the 
areas of heavier flow in the Treasure Valley Scout Reservation. The information gathered allowed the best 
course of action to be determined, taking into account the landscape and economic restraints.  Multiple 
solutions were designed that will both aid in protecting Browning Pond and reduce the impacts of 
stormwater flow on the property itself. Those selected and incorporated into the recommendation were 
based on their appropriateness for the Treasure Valley property as a whole.  
At the conclusion of this MQP, Treasure Valley Scout Reservation was given a series of 
recommendations and designs on how to manage the on-site stormwater. Through site sampling and field 
observations, many stormwater issues were identified. Solving every stormwater issue on the Treasure 
Valley Scout Reservation was outside the scope of this project but areas for future investigation were 
identified based on water sampling and field visits. Suggested solutions included a rain garden design and 
a culvert replacement design. These were created with the effort to be economically feasible and to mitigate 
the negative effects of stormwater on the land.  
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2.0  Background  
2.1  Introduction 
 The overall goal of this project was to determine an effective and feasible way to manage the 
stormwater on the Treasure Valley Scout Reservation. This section discusses the Treasure Valley Scout 
Reservation, including the site uses, issues with stormwater and contamination, attempted solutions, and 
plans for the future. Best Management Practices (BMPs) for sites with similar topographies, uses and issues 
are explored. The stormwater and water quality regulations and codes for the towns in which Treasure 
Valley resides, as well as the state of Massachusetts, are discussed. An explanation of the species invading 
Browning Pond, including their respective effects on aquatic life and treatment options, is provided. The 
computer software programs used to complete this project are introduced and discussions of previous Major 
Qualifying Projects completed by WPI students of consequence to this project and its completion are 
provided (Smith-Horn et al., 2011).   
2.2  Treasure Valley 
 The 1600-acre Treasure Valley Scout Reservation is a woodland camp for the Boy Scouts of 
America offering several recreational uses, including hiking and biking trails, archery and shooting ranges, 
playing fields and a pond on site for aquatic activities. The camp was founded in 1925 and lies within four 
towns in central Massachusetts: Oakham, Paxton, Rutland and Spencer. The camp relies almost entirely on 
solar power and contains a six-megawatt solar farm, as well as individual solar panels on many of the 
buildings on site. A map of the Treasure Valley site is shown in Figure 2, and a larger version can be seen 
in Appendix B.  
 
Figure 2: Map of Treasure Valley Scout Reservation (Treasure Valley, n.d.) 
 4 
 
The Reservation consists of two campgrounds - West Camp for Cub Scout residents and day 
campers and East Camp for Boy Scout residents. Each camp resides on a hill opposite the other with a water 
body, Browning Pond, resting in the valley between (“Treasure Valley,” n.d.). East Camp is used more 
heavily than the West Camp and thus suffers more from road erosion and runoff contamination. Because 
of the steep topography, the majority of the precipitation on site drains to Browning Pond with minimal 
infiltration. Heavy foot traffic that has compacted the soil and steep slopes work against infiltration of 
stormwater as it flows into the pond.   
The campsites endure frequent use, as do many of the fields on site, resulting in compact soils 
which do not promote infiltration (Treasure Valley Scout Reservation Site Visit, Oct. 9th 2015). During 
storms, the compactness and lack of infiltration cause a sheet flow of stormwater over campsites and fields. 
Similar to the campsites, the roads compact where tire tracks are, causing the stormwater to use the dips as 
channels for flow downhill rather than existing ditches on roadsides. This washes out the roads, removing 
gravel and other materials used to achieve a flatter driving surface. Negative impacts on the quality of the 
roads and campsites are compounded by the high velocities caused by the low infiltration rate and steep 
slopes of the site and the volume of stormwater during seasons with high levels of precipitation or snow 
melt. The beaches around the pond also wash out during storms (T. Chamberland, personal communication, 
September 18, 2015).  
The Treasure Valley Property is primarily natural land, and thus there is assumed to be minimal 
contamination from the majority of land uses. However, the waste management in the campsites include 
leachfields and various makeshift systems. These systems could lead to contamination at a surface and 
subsurface level and in turn make its way into Browning Pond due to stormwater (Treasure Valley Scout 
Reservation Site Visit, Oct. 9th 2015). For example, several campsites contain steel drums placed in the 
ground and filled with stone. This is where dishwater and cooking grease are disposed of. During storms 
the stormwater could wash some of this out and carry it downstream. Sediment is also relocated during 
storms, naturally travelling to lower ground and eventually making its way to the pond or the surrounding 
wetland area.  
The contaminants carried into Browning Pond via stormwater may contribute to high nutrient levels 
in the water and thus promote the growth of present invasive species, including milfoil, pond lily, and 
potentially algae, which are discussed more in depth in Section 2.5.  
Browning Pond itself is divided between two towns, Oakham and Spencer, and is located in the 
Chicopee River Watershed, as can be seen Figure 3. The pond reaches a maximum depth of 42 feet with an 
average depth of 16 feet (“Browning Pond,” 2011).  
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Figure 3: Bathymetry Map of Browning Pond (Massachusetts DEP, 2011) 
Additionally, concerns have been expressed about the presence of a large beaver habitat at the entrance of 
Browning Pond, which may alter the flow of water in the pond and potentially contribute to the growth of 
invasive species as well as bacteria contamination. 
 To date Treasure Valley has made several attempts to better manage the stormwater on site; 
however these attempts have been largely unsuccessful. Throughout the camp ditches have been dug and 
several culverts have been installed under roads as seen in Figure 4. 
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Figure 4: Culvert Located on Treasure Valley Scout Reservation (MacLaren, Oct. 9th 2015) 
The ditches tend to run dry as stormwater often flows in the roadways. The culverts are successful 
to varying degrees. For example, those at the base of the valley that pour almost directly into Browning 
Pond are successful in diverting flow, but are not large enough for the flow received during periods of 
heavy precipitation and thus overflow, flooding the roads and washing them out further (Treasure Valley 
Scout Reservation Site Visit, Oct. 9th 2015). Culverts built farther up the valley walls experience conditions 
similar to the ditches; they receive some flow, but a large amount of stormwater follows an easier course 
downhill.   
2.2.1 Culvert Design Considerations  
The purpose of a culvert is to transport stormwater from one side of an embankment to the other, 
providing this transport mostly for surface water runoff (Iowa Stormwater Management Manual, 2009). 
While culvert designs can vary there are certain criteria that must always be considered (Iowa Stormwater 
Management Manual, 2009). 
  
 7 
 
Table 1: Culvert Design Aspects (Charlotte-Mecklenburg Stormwater Services, 2014) 
Engineering Aspects Design Options 
Flood frequency Culvert inlets 
Velocity limitations Inlets with headwalls 
Buoyancy protection Wingwalls and aprons 
Site Criteria Improved inlets 
Length and slope Material selection 
Debris and siltation control Culvert skews 
Culvert barrel bends Culvert sizes and shapes 
Ice buildup Twin pipe separations (vertical and 
horizontal) 
Design Limitations Culvert clearances 
Headwater limitations Related Designs 
Tailwater limitations Weep holes 
Storage – temporary or permanent Outlet protection 
 Erosion and sediment control 
 Environmental considerations 
The flow of water in a culvert can have an inlet control or an outlet control depending on flow type 
and culvert slope. Inlet control dominates when water could flow through the culvert at a faster rate than it 
could enter. Inlet controlled culverts are affected by the outer shape of the culvert. Outlet control is the 
opposite in that the rate of flow entering the culvert is greater than the flow that can be maintained through 
the culvert. In this case, the physical characteristics of the culvert have a greater effect on behavior. 
Generally in situations with a mild slope outlet control dominates. Depending on the hydrology of the area 
and the hydraulics of the channel upstream and downstream of the culvert location, inlet control and/or 
outlet control would be important to the culvert design (MassDEP, 2001). 
 There are a variety of shapes and materials possible for use in culvert design, including rectangular 
or box, circular, arch, and oval shapes made of concrete, steel, aluminum, or in some cases, plastic. Concrete 
culverts are strong, corrosion resistant and have long life expectancies (approximately 75 years). However 
they are only available in up to 8’ sections and are more difficult to place than those of other materials. 
Steel culverts are relatively lightweight and strong, however they are subject to corrosion and have shorter 
life expectancies than concrete. Aluminum is more resistant to corrosion but they are easily damaged and 
require more care. Plastic culverts are very lightweight and resistant to corrosion, however they may be 
damaged in extreme cold or hot conditions and may be damaged from exposure to ultraviolet light 
(MassDEP, 2001).  
The minimum diameters for round culverts in driveways, roadway cross culverts, and interstate 
roadways are 15, 18, and 24 inches respectively according to The Massachusetts Unpaved Roads BMP 
Manual. Box culverts should normally have a wingwall with headwall, typically at a 45-degree angle. 
Concrete pipes should have a grooved end, potentially with a headwall or projected end depending on the 
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road cross-section. The end section should be designed to fit the embankment slope if possible (MassDEP, 
2006). Culverts under unpaved roads should be installed at a 0.5% or greater slope to allow for positive 
drainage flow. A minimum of one foot of fill should be installed over a steel culvert and 1.5 feet over a 
plastic culvert. Figure 5 shows a guide to culvert shape selection. 
 
Figure 5: Culvert Selection (Rhode Island DEM, 2010) 
Culverts on different types of road are required to handle different flood-frequency hydraulics. For 
example, a culvert on a classified roadway such as an interstate or freeway must be able to handle a 50-year 
flood, on a minor urban roadway it must be able to handle a 25-year flood, and on a regulated floodway it 
must be able to handle a 100-year flood (Charlotte-Mecklenburg, 2014). Minor rural roadways in the state 
of Massachusetts may be designed for 10 or 25-year storms depending on anticipated watershed 
development and the repercussions of overflow. Regardless of the appropriate design storm, the 
Massachusetts Department of Environmental Protection requires the evaluation of conditions during 2, 10, 
and 100-year 24-hour storms to size peak discharge controls and determine if additional discharge controls 
are required (MassDOT, 2006). Wingwalls are used to make sure the flow of the water going into these 
culverts is directed correctly and the culvert transports the highest volume of water (Charlotte-
Mecklenburg, 2014). Completing a culvert design includes roadway overtopping as it is important to know 
how much flow goes over the road (Iowa Stormwater Management Manual, 2009). 
Riprap can be placed at inlets and outlets of culverts to reduce erosion in areas where the stream 
flow velocity exceeds the capacity of the downstream area. This provides an easy to install and maintain 
method to decrease flow velocity and induce settling, thereby decreasing sediment transport. However, 
riprap does not offer the habitat enhancement that natural vegetation does. Stones used must be of good 
quality, proper size, and must be laid in the proper thickness. Riprap should be placed on a filter material 
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of sand, gravel, or filter fabric to prevent piping of soil. Riprap can either be graded, where stones vary in 
size, or uniform, where all stones are approximately the same size. Graded riprap is more commonly used 
as it is easier to install and is more resistant to movement of stones during stream flow (MassDEP, 2003). 
Riprap placed at inlets and outlets of culverts between 18 and 24 inches in diameter under unpaved roads 
should be of size R#3 or R#4 according to the National Crushed Stone Association specification. Outfall 
slopes below 10% should use R#3 and those above 10% should use R#4. For R#3, this includes stones no 
larger than 6 inches and no less than 2 inches with an average of 3 inches. For R#4, stones range from 3 to 
12 inches with an average of 6 inches. These categories are meant for outflow velocities of 6.5 and 9.0 feet 
per second respectively (MassDEP, 2001).   
2.2.2 Technical Release 55  
The Technical Release 55 (TR-55) method is a simplified procedure to calculate storm runoff 
volume, peak rate of discharge, hydrographs, and storage volumes required for floodwater reservoirs. This 
method is applicable to small watersheds. TR-55 was first issued by the Soil Conservation Service in 1975 
and has since been modified to include updated research. These revisions include worksheets to aid in the 
procedure, the addition of a procedure to calculate travel times of sheet flow, and updates to runoff curve 
numbers and rainfall data (USDA, 1986).  
2.3  Stormwater Best Management Practices 
Stormwater management has two main categories: water quality and water flow. Stormwater Best 
Management Practices (BMPs) are used to address all aspects of stormwater. When examining a smaller 
area, such as Treasure Valley, a variety of BMPs are available for consideration. Table 2 lists the BMPs 
outlined in the Massachusetts Stormwater Management Handbook, 2008. This section looks closely at a 
select few stormwater BMPs that are applicable to Treasure Valley and discuss how those BMPs work and 
what is needed for them to be efficient.  
The two main concerns for the Treasure Valley Scout Reservation are stormwater flow from 
rooftops eroding the surrounding area, and the water quality of Browning Pond. To explore a variety of 
stormwater BMP options, at least one BMP from each category (except pretreatment) was researched in 
further detail. The BMPs selected for this were rain gardens, wet basins, drainage channels, dry well, 
infiltration trench, detention basin, and porous pavement because they were most relevant to the issues 
Treasure Valle Scout Reservation presented at the beginning of this project and they are fairly common 
BMPs. Pretreatment BMPs were not considered because they were least suited to address the stormwater 
concerns of Treasure Valley Scout Reservation due to the limited space for pretreatment BMPs and the lack 
of funds. Later in this report the BMPs examined will be applied to the site to determine the best fit overall. 
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Table 2: Compilation of Structural Stormwater BMPs 
Pretreatment 
- Deep sump catch basin 
- Oil/Grit separators 
- Proprietary separators 
- Sediment forebays 
- Vegetated filter strips 
Treatment 
- Bioretention areas and rain gardens 
- Constructed stormwater wetlands 
- Extended dry detention basins 
- Proprietary media filters 
- Sand and organic filters 
- Wet basins 
Conveyance 
- Drainage channels 
- Grassed channel 
- Water quality swale 
Infiltration 
- Dry wells 
- Infiltration basins 
- Infiltration trenches 
- Leaching catch basins 
- Subsurface structures 
Other 
- Dry detention basin 
- Green roofs 
- Porous pavement 
- Rain barrels and cisterns 
2.3.1 Treatment 
 To address the quality of the stormwater runoff, several BMPs are often used to remove pollutants 
from runoff and improve the quality of the water through filtering. These BMPs include bioretention areas 
and rain gardens, constructed stormwater wetlands, extended dry detention basins, wet basins, and others 
listed in Table 2. In this section rain gardens and wet basins are examined more closely because they not 
only filter out pollutants and store water, thereby reducing sheet flow, but also rain gardens and wet basins 
are cheaper than the more expensive and labor intensive BMP solutions.  
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2.3.1.1 Rain Gardens 
Rain gardens are frequently used in urban areas because they are smaller than other filtration BMPs 
as a depressed area in the land that collects the water and are effective at removing pollutants from industrial 
waste and stormwater (“Rain Gardens,” 2015). Although Treasure Valley Scout Reservation is not 
categorized as urban, the condition of the site is estimated to be similar, providing an appropriate 
environment to house a rain garden. Treasure Valley Scout Reservation is akin to urban environments in 
terms of infiltration rates of the surrounding area as well.  
The observed sheet flow at Treasure Valley that occurs during a common rain storm supports the 
assumption that the infiltration rate of the soils is not fast enough to keep up with the volume of storms that 
are common to the area. This situation is comparable to urban environments because of the increased paved 
surfaces leading to sheet flow that is similar to the sheet flow observed at Treasure Valley The depression 
for the rain garden is typically bowl shaped and about 6 – 24 inches deep (“Rain Gardens,” n.d.). The 
structure of the rain gardens allows for maximum infiltration into the soil and maximum filtration of the 
stormwater runoff. An important function of rain gardens is also to replenish the groundwater source with 
clean water. Figure 6 depicts a typical rain garden set up. 
 
Figure 6: Rain Garden (City of Gallatin, TN “Stormwater,” 2011) 
Rain gardens also have an aesthetic appeal because there are many options of the plants to put in the garden. 
Plants that thrive in moist soils are optimal. However if the rain garden is located where the soils are likely 
to dry out in between storms or if droughts are frequent, some drought-tolerant plants also are beneficial to 
rain gardens. 
 The effectiveness of rain gardens is influenced by size and depth, the infiltration rate of the soil as 
well as the site’s slope, the area covered by impervious surfaces (such as rooftops) and the amount and 
intensity of rainfall. The size of a rain garden can be determined by calculating the drainage area going into 
the garden and the square footage of roof draining into a downspout that pours into the garden. An effective 
general ratio of drainage area to the area of a rain garden is 5:1 (Selbig, et al., 2010).  
 There are many elements of rain gardens that could potentially be included. A settling basin at the 
lowest depth of the rain garden is where the majority of stormwater is held. These basins are generally 6” 
deep and acts as a barrier to slow water flow and absorb and filter the majority of it through the soil and 
plants. A transition zone surrounds the basin and can also be referred to as the upper and lower slopes of 
the rain garden. Soil in this zone dries quicker than that in the settling basin. When a rain garden is 
constructed on a slope, a berm can be constructed on the downhill side using excavated soil. The soil must 
be firmly compact and reinforced with biodegradable erosion netting and vegetation to increase stability in 
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the garden. A bioswale is an open vegetated channel that is used to direct runoff from its source to the rain 
garden or from a raingarden to another stormwater management system, such as a culvert. Its purpose is to 
slow water flow and allow absorption by plants and soil. In instances where steep slopes are present, 
bioswales can be used in place of rain gardens or to connect several smaller rain gardens. In areas of high 
water flow, erosion control fabric or 2-3” diameter gravel is recommended to prevent erosion. An overflow 
spillway, a small indentation in the berm, can serve as a point of overflow during large rain storms. This 
can be filled with gravel to promote infiltration and is generally used to direct water flow towards something 
like a culvert (Missouri Botanical Garden, n.d.). 
 Rainwater flow from gutters can be redirected to point towards a rain garden and can be transported 
through an underground pipe or a bioswale. Additionally, a rain barrel could be installed to catch the water 
from the gutter downspout and overflow can be directed using a bioswale or underground pipe. The area of 
the raingarden where water enters should be reinforced if there is a high chance of erosion with netting 
and/or stone (Missouri Botanical Garden, n.d.).  
 Plant selection relies heavily on light, moisture, and the location in and surrounding the rain garden. 
Species that bloom at different times of the year should be selected. Regionally-native plants are generally 
low-maintenance as they are well-adapted to climate, soils, and precipitation. Once established, native 
plants require minimal irrigation and don’t require fertilizer or pesticides. While containerized plants 
establish easier and require less maintenance, they can be expensive if a rain garden exceeds 300 square 
feet. Seeding is a cheaper option for larger areas. Seeds of different species can be blended to increase 
diversity. However, the cost of maintenance, especially in the first two years, is intensified when seeding 
is used as weeds must be controlled. Allowing plants in the rain garden time to establish and strengthen 
themselves after initial installation results in an increased ability to withstand flooding. A table of plants, 
including perennials, shrubs, and trees, can be found in Appendix C with detailed specifications concerning 
sunlight needed, time of bloom, and height. Table 3 shows the proper number of plants for a rain garden of 
a certain area with a specific spacing between plants (Missouri Botanical Garden, n.d.). 
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Table 3: Plant Quantity and Spacing (Missouri Botanical Garden, n.d.) 
 
 In preparation for the building of a rain garden, all existing vegetation should be removed or 
eliminated so as to remove any potential source of interference. Care must be taken to avoid erosion or 
compacting when removing plants and preparing. Excavated soil can be saved for the construction of a 
berm(s). The basin, or ponding depth, should be 4-8” deep. A well-aged compost can be used to decompact 
soil and increase effectiveness. Areas of potential overflow should be identified and a permanent erosion 
control should likely be installed, such as netting or gravel as discussed previously in this section. The sides 
of the bioswale and rain garden should be sloped and the basin levelled. The garden should be level on all 
sides; on sloped surfaces the garden can be made level using the excavated soil. The application of shredded 
hardwood bark mulch after planting can aid in lessening the compaction of soil and improve function. A 2-
3” layer is adequate (Missouri Botanical Garden, n.d.). 
2.3.1.2 Wet Basins 
 Wet basins, also called wet ponds, are used to hold a permanent pool of water throughout the wet 
season and provide both retention and treatment of stormwater runoff (“Wet Detention Ponds,” 1999). The 
most important requirement in order to install a wet basin is the permeable land available. This is why 
highly urbanized areas of land do not commonly have a wet basin, however this is a useful tool for less 
urbanized/rural land. An installed wet basin will provide reduced potential for flooding and erosion 
downstream, as well as the removal of suspended solids, metals, and nutrients for improved water quality 
(“Wet Detention Ponds,” 1999). An example of a wet basin is shown in Figure 7. 
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Figure 7: Wet Basin Design (Maryland Department of the Environment, 1986) 
There are a couple other restrictions when using wet basins. This first is that wet basins are not 
effective when used in arid climates. The water needed to fill the basin is considered not necessary when 
compared to the scarcity of water (“Wet Ponds,” 2014). Another concern when considering a wet basin is 
the location of stormwater hotspots, which are areas where the land use generates highly contaminated 
runoff (“Wet Ponds,” 2014). The wet basin can accept the contaminated stormwater runoff, but needs to be 
separated from the source of ground water to avoid contamination of the drinking water source. The wet 
basin requires regular maintenance in order to be working as effectively as possible, so it is important to 
maintain the upkeep of the basin (“Wet Detention Ponds,” 1999). This maintenance prevents the 
resuspension of trapped sediments, which requires the bottom of the pond to be removed every two to five 
years (“Wet Detention Basins,” 1999). 
 The US EPA has outlined several factors to consider when examining a site for the installation of 
a wet basin (“Wet Ponds,” 2014): 
1. The drainage area must be sufficient enough to maintain the permeable pool. 
2. The upstream slope can be a maximum of 15%, and it is recommended that the local slope be 
relatively shallow. 
3. Wet basins do not require a specific type of soil. 
4. The wet basin may intersect with the ground water table, however pollutant removal is diminished 
if this is the primary source of the water in the pool. 
2.3.2 Conveyance 
 In an effort to address the erosion that accompanies stormwater runoff, conveyance BMPs are used. 
Directing the water to a specified channel reduces the amount of free flowing stormwater that could erode 
the surface it’s traveling on. Conveyance BMPs include drainage channels, grassed channels, and water 
quality swales. Proper conveyance BMPs do not aid infiltration, and therefore would need an outlet spot, 
such as a pond, for the stormwater to reside. 
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2.3.2.1 Drainage Channels 
Drainage channels provide a non-erosive path for the stormwater flow through natural vegetated 
channels. The primary objective of drainage channels is to provide enough capacity to convey stormwater 
during storms to prevent erosion of the roads (Mass DEP, 2008). This goal differs from that of a water 
quality swale because drainage channels do not address the concern of water quality. Figure 8 outlays 
drainage channel designs. After the channel has been installed, maintenance is fairly easy. Inspection of the 
channel is recommended twice a year to repair any damages (Mass DEP, 2008). It is not recommended to 
use drainage channels on slopes greater than 5% and damages to the channel could include erosion of the 
bottom (NC Stormwater BMP Manual, 2007). While the channel will redirect the flow of stormwater so 
that there isn’t washout of the roads and paths, the channel itself will be susceptible to erosion and will also 
need to undergo maintenance. 
 
Figure 8: Drainage Channel Designs (Mass DEP, 2008) 
2.3.3 Infiltration  
 To address concerns of poor infiltration there are several BMPs that apply. The goal of these BMPs 
is to increase the amount of stormwater absorbed into the ground. Infiltration methods are closely related 
to soil type in order to maximize this absorption and reduce overall flow of the stormwater; however these 
methods have little impact on the direction and path of the flow. Examples include a dry well, infiltration 
basin, infiltration trench, leaching catch basins, and subsurface structures. Dry wells and infiltration 
trenches are examined more closely in this section due to the applicability of these methods to Treasure 
Valley. Other options for infiltration BMPs are listed in Table 2.  
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2.3.3.1 Dry Well 
 
The first stormwater BMP to be examined is a dry well. The US EPA defines a dry well as a “a 
well, other than an improved sinkhole or subsurface fluid distribution system, completed above the water 
table so that its bottom and sides are typically dry except when receiving fluids” (“Storm Water Drainage 
Wells,” 2013). The dry well stores stormwater runoff, typically from roofs, temporarily in a subsurface 
structure (New Jersey Best Management Practices Manual, 2004). Roofs are considered one of the top 
contributors to an increase in stormwater runoff for land development properties, and as such a dry well is 
used to manage the volume of stormwater flow. Figure 9 shows a typical dry well structure. 
 
Figure 9: Dry Well (New Jersey Best Management Practices Manual, 2004) 
 Installation of a dry well requires the soils to have a minimum saturated hydraulic conductivity 
based on the location as well as an area designated for overflow ("Dry Well Fact Sheet,” n.d.) The size of 
the dry well depends on the area contributing to the stormwater runoff.  
2.3.3.2 Infiltration Trench 
Another infiltration BMP is an infiltration trench. Infiltration trenches are a means of capturing the 
stormwater runoff due to increased impermeable surfaces (Maniquiz et. al., 2010). Infiltration trenches are 
effective at removing sediment from the stormwater and preventing the travel of sediment, which is a large 
concern for stormwater runoff. Figure 10 is a diagram of an infiltration trench. 
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Figure 10: Infiltration Trench (“Stormwater Management Fact Sheet,” n.d.) 
 Infiltration trenches can also decrease the runoff of stormwater into nearby surface waters. The 
infiltration trench is filled with a sand filter at the bottom in order to catch sediments. The majority of the 
infiltration trench is filled with stones and covered with a filter fabric and a layer of gravel. The water 
traveling through these layers will contain less total suspended solids. Compared to other BMPs, infiltration 
trenches have less regulated specification, leading contractors to use detention and retention basins, which 
have more specifications that provide a detailed guide to installation and expectations of the stormwater 
BMP, rather than install a stormwater BMP that is unfamiliar (Maniquiz et. al., 2010). 
2.3.4 Other Stormwater BMPs 
 Several BMPs that are used frequently do not fall under one of the previously mentioned categories. 
These include detention basins, green roofs, porous pavement, and rain barrels or cisterns. Commonly these 
BMPs involve an outside material being brought in to help mitigate the stormwater runoff issue, and vary 
in size and maintenance requirements.  
2.3.4.1 Detention Basin 
 
A detention basin is one of the most commonly used BMPs (“Dry Detention Ponds,” 2014). The 
basin holds stormwater runoff for a specified time to allow the particles to settle before the outlets drain the 
basin. The basin will not continuously have a pool of water, and is not considered to be especially efficient 
at pollutant removal as opposed to sediment removal. Detention basins require a large amount of space, and 
this constraint should also be considered when deciding to install one. Figure 11 shows a dry detention 
basin. 
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Figure 11: Dry Detention Pond (“Dry Detention Ponds,” 2014) 
 Dry detention ponds are compatible with almost all soil types, and should be used on properties of 
at least 10 acres (“Dry Detention Ponds,” 2014). Making sure the bottom of the basin doesn’t reach the 
groundwater table eliminates any interaction the water in the basin has with the groundwater supply. 
Meeting all design requirements and recommendations, a detention basin can greatly reduce the peak rate 
of stormwater runoff. The longer the detention the larger the basin required. 
2.3.4.2 Porous Pavement 
Porous pavement is another alternative stormwater BMP. Developers can use porous pavement in 
an effort to decrease the percentage of impermeable surfaces – the pavement has more air voids to allow 
the water to seep through to the ground underneath, while at the same time providing water quality treatment 
(Mass DEP 2008). Because more of the stormwater can infiltrate the ground upon contact, there is less 
runoff flowing across the ground and into water bodies or sewer systems. Figure 12 shows the different 
layers in porous pavement. 
 
Figure 12: Porous Pavement Layers (Mass DEP, 2008) 
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 Maintenance for porous pavement is slightly more involved than traditional stormwater BMPs. 
Because the pavement is more porous, the likelihood for clogging is high, requiring constant maintenance 
to keep the pavement unclogged. Using sand/salt in the winter on porous pavement is not advisable (Mass 
DEP, 2008). The material used for the pavement can vary. Options include asphalt, concrete, and 
interlocking pavers, so the material that best suits the land is imperative (“Permeable Pavement,” 2015). 
The soil underneath the porous pavement is also a cause for concern in regards to compacting. The soil 
needs to maintain a certain level of permeability in order to remain effective (Mass DEP, 2008). 
2.4  Massachusetts Stormwater and Water Quality Rules and Regulations 
Massachusetts created a stormwater handbook in order to help prevent stormwater pollution of 
surface and ground waters. It provides guidance and clarification on stormwater laws as they apply in the 
state. This handbook identifies stormwater runoff as “the single largest source responsible for water quality 
impairments in the Commonwealth’s rivers, lakes, ponds, and marine waters” (MassDEP Stormwater 
Handbook, 2016). Standards provided in the handbook are design to mitigate the effects of stormwater.  
 Many standards are outlined in the handbook that may be relevant to this project. Stormwater 
conveyances cannot discharge raw stormwater directly into wetlands or other water bodies. In addition 
stormwater management systems, which include BMPs, should be designed so that post-development 
discharge is not more than pre-development discharge rates. Stormwater management systems must remove 
at least 80% of source TSS. It is unnecessary to monitor the removal rates if BMPs are implemented 
following the MassDEP stormwater handbook. During construction of any building or structure, a plan to 
control impacts such as erosion and pollution is required. These plans are typically reviewed by local 
planning boards. Long term maintenance and operation plans are also typically required.   
Treasure Valley’s property is located within the boundaries of four different towns, which could 
influence the stormwater BMP selected based off regulations that need to be met.  In addition to the laws 
of Massachusetts, each town’s laws and regulations must be followed. The towns of Rutland, Paxton, 
Spencer, and Oakham all share a border on Treasure Valley property. When considering potential designs, 
the location of the design on the site will affect its parameters and permitting depending on the town it will 
be technically located. This section outlines the specific regulations of each town that Treasure Valley Scout 
Reservation is located in, as well as overall Massachusetts regulations that must be considered. 
2.4.1  Rutland 
 The town of Rutland requires that stormwater management systems are designed to handle at 
minimum a 100-year storm. No direct discharge of stormwater to water systems can be discharged without 
treatment. This would be Browning Pond in the case of Treasure Valley. It is required that systems are 
designed to reduce suspended solids by at least 80% in order to prevent degradation of water bodies. The 
town of Rutland also requires street drainage to either adopt the manhole design or apply for a country 
drainage system. This country drainage system allows water to flow off the road into natural areas and is 
usually designed in conjunction with culverts and detention basins. The slope of the road must be less than 
5% and must be able to handle at least a 10-year storm (Town of Rutland, n.d.). 
2.4.2  Paxton 
 The town of Paxton’s stormwater regulations follow the Massachusetts Stormwater Management 
Policy rather than creating additional regulations. New development may not increase the amounts of 
stormwater compared to the predevelopment conditions. The Stormwater Authority for the town of Paxton 
reviews all cases and enforces the standards. They also have a Stormwater credit system to create an 
incentive to use better stormwater management practices. If it is approved, then some of the requirements 
in the criteria section of Regulations may be reduced (Town of Paxton, n.d.). 
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2.4.3  Spencer 
 
 All stormwater discharges must follow the Massachusetts Stormwater Management Policy. Similar 
to Rutland, Spencer requires that if stormwater is directly discharged into a waterbody, it must be treated 
first. There must be a sediment and erosion plan implemented whenever there is construction. 10-year storm 
peak flowrate after construction must equal that of the area before construction and the 100-year storm 
needs to be analyzed as well. Also similar to Rutland, stormwater designs should remove at least 80% of 
total suspended solids. Water discharged to a swimming area may be subject to more stringent criteria and 
will be reviewed by the Spencer Planning Board (Town of Spencer, n.d.).  
2.4.4  Oakham 
 Conditions during and after construction are required to have the same or decreased rate of runoff 
and rate of erosion that existed before construction. Construction within 100 feet of wetlands needs a special 
permit and approval. Areas must be determined as safe from flooding. In addition any building or 
construction needs a flooding permit if its development increases the volume of water. For the town of 
Oakham, a flood means any area that is overflowed with water from bodies of water or “the rapid 
accumulation of runoff or surface waters from any source” (Town of Oakham, n.d.). 
2.5  Invasive Species 
 Browning Pond has a nuisance aquatic plant species invasion problem, specifically with 
myriophyllum heterophyllum (variable milfoil) and also suffers from an overpopulation of Nymphaea 
(waterlilies) and potentially pond algae. These invasions inhibit the recreational activity of the pond, 
degrade the water quality and are harmful to native aquatic life.  
2.5.1 Variable Milfoil 
Variable milfoil can grow up to 15 feet with densely packed feathered leaves and is very difficult 
to control. This plant can thrive in a wide range of water conditions including acidic or calcium-rich water 
bodies with largely varying temperatures (Robinson, 2002). In optimal conditions, milfoil may grow up to 
one inch per day. Milfoil is primarily transported as a stowaway on boats or trailers which is why it is most 
commonly found near boat launches. The submerged plant takes root in shallow areas, then reproduces 
through fragmentation and with seeds. The spread is rapid and the overbearing plant displaces native plant 
life in water bodies. (“Variable Milfoil,” 2010).  
In native waters, insects and fish act as predators that feed on the plant to control its growth, but in 
the United States the plant has no predators and thus nothing to control it. Variable Milfoil grows into dense 
mats that impede recreational uses and intercept sunlight, keeping it from the surrounding areas in a body 
of water. As the plant dies, it sinks to the bottom and decays, consuming large amounts of dissolved oxygen, 
depleting this source for other aquatic species, like native plants and fish. The dying plant also contributes 
to the level of sediment on the floor of a water body (Robinson, 2002).  
2.5.1.1 Variable Milfoil Treatment and Controls 
Benthic barriers restrict sunlight and the upward growth of plants by attempting to smother them 
in small areas, typically those surrounding swimming beaches and boat docks, however this method can 
have adverse effects on organisms living in the benthic zone of a water body (Robinson, 2002). Treatment 
for this plant is complex as there is no sure way to remove all fragments from the water, thus an integrated 
plant management (IPM) approach is best. Each individual infestation should be assessed, including the 
size and density, and a long-term management plan created. These plans can span for years and incorporate 
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methods such as hand-pulling, suction harvesting, herbicide treatment and benthic barrier placement 
(“Variable Milfoil,” 2002).  
Common herbicidal treatments include Diquat and 2, 4-D. Diquat works quickly by interfering with 
photosynthesis, but it is non-selective and will kill essentially all plants that it comes in contact with. 
Additionally, laboratory tests have indicated that diquat can be harmful to amphipods and Daphnia, which 
can adversely affect other aquatic species by default. Direct human exposure to diquat can cause severe 
skin and eye irritation and is toxic if absorbed through the skin, inhaled or swallowed. Water bodies treated 
with diquat can be used for recreational uses, a source of fish for food, and even drinking water, within a 
couple of days of treatment, but because diquat binds with the organic matter in sediment it will be present 
indefinitely (“Diquat Chemical Fact Sheet,” 2012).  
2, 4-D is an auxin-type herbicide that mimics auxin to plants, causing abnormally rapid cell growth 
and eventually blocking their vascular transport systems.  This herbicide can cause blood, liver, and kidney 
toxicity, as well as damage to the human nervous system, such as inflamed nerve endings, stiffness of limbs, 
coma, or even death. In its acid, salt and ester forms, 2, 4-D has a short half-life of approximately one to 
three weeks when applied to surface water bodies, however in anaerobic aquatic conditions the half-life 
increases to between 41 and 333 days. This could be harmful in wetland areas, especially those under 
conservation. 2, 4-D residue can be found in sediment in water bodies for six months after treatment. In its 
ester form it can be very toxic to freshwater invertebrates, aquatic plants and could have adverse effects on 
endangered species (“Chemical Watch Factsheet” 2, 4-D,” n.d.). This is critical in considering the treatment 
of invasive species in Browning Pond as it is the habitat of the Bridle Shiner, which is on Massachusetts’ 
Endangered Species List.  
2.5.2 Water Lilies and Pond Algae 
 Water lilies can expand and overpower native plants by blocking sunlight. If contained in a small 
area, the threat can be mitigated by manual removal, however the entire underground tuber must be removed 
in order for this method to be successful. Stray tubers that are not entirely removed may take root in new 
locations and regrow via fragmentation, just as milfoil does. It can be treated with the aquatic herbicides 
previously described (Non-native Waterlilies,” n.d.).  
 Pond algae begins growing at a pond’s edge at the floor and eventually raises to the surface as a 
large bubble-filled mass upon maturity. This bubble is commonly known as “pond scum”. Once the trapped 
oxygen is allowed to escape, for example during a rain storm, the algae sinks back down until sufficient 
oxygen is once again trapped, pushing the filaments to the surface. In small amounts the algae can act as a 
cover for small aquatic insects and species on the floor of water body. However, algae thrives in waters 
with high nutrient levels and in excessive amounts can deplete the dissolved oxygen in a water body. Unlike 
variable milfoil and water lilies, algae can be racked or seined from a body of water, but can also be treated 
with algaecides or herbicides. Also unlike milfoil and water lilies, algae can be consumed by certain aquatic 
species, but this is not a preferred food choice nor a reliable method of control for algae (“Weed Info,” 
2015).  
2.6  Geographical Data Management 
 A Geographic Information System (GIS) is a data management system used to store, analyze, and 
manage special and geographical data and can relate the information from a spatial context to expose 
relationships. ArcMap is a computer software that can be used to display geographic layers of an area or 
property (“Geographic Information Systems,” 2007). For instance, a road may also be the boundary 
between rural and commercial land use areas, and a GIS mapping system will show that. There are many 
different layers that can be applied when using GIS to focus the context of the map being produced. The 
Environmental Systems Research Institute (ESRI) is the international supplier of GIS software (ESRI, 
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2015). Important layers related to stormwater management include soils, slopes, land use, land type, and 
much more. The Massachusetts Office of GIS (MassGIS) develops, manages, and stores data for 
Massachusetts and is accessible publicly. 
2.7 Conclusion 
 Information gathered on Treasure Valley Scout Reservation, stormwater BMPs, and regulations 
was used when drafting potential solution designs and regulations. Each aspect of Treasure Valley, from 
the water quality to the water flow, was considered when potential courses of action were developed. All 
the best software and equipment that was available was used in order to complete this project, and that 
includes a full and rich knowledge of the present situation. 
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3.0 Methods 
With the ultimate goal of improving stormwater management and water quality on the Treasure Valley 
Scout Reservation, the following objectives were identified. 
1. Reduce the flooding and washout of roads and campsites. 
2. Control stormwater quality and flow into Browning Pond. 
3. Provide a series of recommendations to sustainably divert and/or treat stormwater flow. 
The necessary tasks that were completed in this MQP, as well as their execution, are detailed in this section. 
These tasks are as follows: 
 Perform literature review on current management practices at Treasure Valley, research already 
conducted on topics associated with the project, and topics that came up as the project progressed. 
 Assess the property for areas of use that exhibit erosion and/or low infiltration consistently or only 
during storms.  
 Determine water quality of Stormwater and Browning Pond via field observations and lab testing. 
o Locate inflows to Browning Pond caused by stormwater and other natural inflows such as 
streams. 
o Determine water quality of the inflows to Browning Pond. 
o Determine water quality of Browning Pond. 
 Determine water quality of Stormwater and Browning Pond using geographical data management 
and hydrologic modeling. 
o Determine land uses for surrounding areas, soil types and slopes using GIS software. 
o Model contaminant concentration over time and based on location using the TR-55 method. 
 Create stormwater best management practice for Treasure Valley Scout Reservation. 
o Provide a land management plan including use of vegetation, landscaping and structural 
components.  
These objectives were accomplished through tasks that rely on various lab tests, field work, and software 
modeling and mapping.  
After completing these tasks, all components were compiled into a written report. Potential 
solutions were evaluated and the best option for Treasure Valley was selected that satisfies their needs with 
the minimum monetary and maintenance commitment. The recommendations include: a design for a rain 
garden and a replacement culvert, land management suggestions, and recommendations for water quality 
improvement tailored to Treasure Valley Scout Reservation. 
3.1 Literature Review  
 To develop a project goal, objectives, and deliverables background information was gathered on 
the following topics: 
 Treasure Valley and current practices 
 Stormwater BMPs for rural, natural properties like Treasure Valley 
 Hydraulic analysis such as the TR-55 method that can aid in modeling the flow on the property 
 Previous MQP work related to Treasure Valley itself as well as relating to stormwater management 
plans in general 
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The background research conducted at the beginning of this project was used to focus observations and 
sampling while at Treasure Valley to gain only necessary and relative information. Throughout this project 
more research was conducted as seen fit in order to properly evaluate potential solutions. Questions 
explored included: 
 What is the current stormwater management plan at Treasure Valley? 
 What are the regulations relating to installing a new BMP in Rutland? 
 What stormwater BMPs provide a solution to the stormwater issues at Treasure Valley? 
 What stormwater BMPs are suitable for the Treasure Valley property? 
The answers to these questions provided a sense of direction when determining where to sample and which 
stormwater BMPs are relevant. Answering these questions also led to more questions that directed research 
to provide a complete set of recommendations to Treasure Valley. 
3.2 Analysis of Treasure Valley Scout Reservation 
 To determine the area of focus for sampling and potential design locations, several trips to the site 
were taken. This allowed for wet and dry condition observations and an understanding of the layout of the 
scout reservation in terms of where the scouts reside and what areas are use most. 
3.2.1 General Field Observations 
 Two site visits to Treasure Valley in late September and early October revealed key areas to sample 
and observe during wet conditions. One main observation was the erosion of the roads and campsites on 
the east and west camps and the stormwater flow paths leading into and out of Browning Pond. The 
stormwater flow through the roads and campsites that is causing erosion could also be carrying the eroded 
sediment into Browning Pond and decreasing the overall water quality of the pond. The stormwater flow 
through the campsites and on the roads were observed to determine the locations of wash out in order to 
determine the path and velocity of the stormwater.  
Major and minor inflows into the pond both during storm events and periods of dry weather were 
identified for stormwater quality sampling. At the first site visit in late September one major inflow during 
a period of dry weather was identified. Future visits were used to document the inlets qualitatively through 
notes and pictures. This information helped determine key places in the property for long-term observation 
and water quality sampling. The results of the water quality tests determined if more sampling was required 
in a certain inlet to accurately identify the source of relevant and influential pollution to this project.  
Stormwater management techniques currently in place were evaluated for effectiveness by 
observation and through laboratory testing of water samples. The parameters that were tested can be found 
in detail in section 3.3.2. The effective techniques can be identified for potential improvement and the 
techniques that were not effective were considered candidates for complete redesign. This specifically 
focused on culverts and man-made ditches, to determine if shifting the location of a land management 
practice could potentially improve the quality of its effectiveness. 
3.2.2 Sampling and Lab Testing 
 The quality of the stormwater and inlets to Browning Pond, as well as Browning Pond itself, were 
tested for dissolved oxygen, total suspended solids, turbidity, pH, nitrogen and phosphorus concentration, 
and total and fecal coliforms. Several methods were used for these tests. Exact testing methods are detailed 
below. 
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3.2.2.1 Sampling Locations and Criteria 
The inflows into Browning Pond as well as Browning Pond were sampled during wet and dry 
conditions for comparison, and two sample sites were tested for flowrate. The sample locations were based 
mostly in East Camp. The surrounding area was also considered for its influence on the water quality within 
Treasure Valley Scout Reservation. All sampling was done in accordance with the USGS National Field 
Manual for the Collection of Water-Quality Data as well as the EPA’s Handbook for Sampling and Sample 
Preservation of Water and Wastewater. After each sampling site visit, a field report was filled out. A blank 
sample field report can be viewed in Appendix D. 
The number of samples outside of Browning Pond to be collected depended on the number of 
inflows that were determined to be influential and the amount of time that it takes to complete each sample. 
During wet weather, the original goal was to collect samples every 30 minutes to get an accurate 
representation of the change in flow of the water traveling into Browning Pond to ultimately create a 
hydrograph. However it was not possible to collect a sample every 30 minutes during a storm due to the 
wide variety of locations and the time it took to travel from one location to the next. There also was no 
large storm that occurred during the timeframe of the MQP sampling efforts. Samples were taken during 
dry weather and during somewhat wet weather conditions. The weather had been wet and misty with 
occasional light rainfall over the period of two days. The wet weather samples were taken on the second 
day of wet weather in hopes that some considerable amount of precipitation had occurred, impacting the 
sampling locations. Sampling locations, labelled 1 through 7 are shown in Figure 13. 
 
Figure 13: Sampling Locations 
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  Samples were collected at the sampling locations according to EPA and USGS methods. The 
sample types were manual grab samples taken in less than 15 minutes. These plastic bottles were 1 L and 
250 mL in size. Whenever possible, 1 L samples were taken from locations. If the stream was small, only 
a 250 mL sample was taken. Before samples were collected, on October 28th, 2015, a reconnaissance of the 
site was conducted in order to pick locations and create a sampling route for wet and dry weather conditions 
(US EPA, 1982). The bottles were labelled before sampling. Bottles were also cleaned prior to sampling 
and were rinsed three times in the sample water before collecting the final sample. 
 During wet weather conditions, samples were only taken at locations 1, 2, 3, and 6 only. This was 
because the focus was determined to be on East camp for the sake of feasibility within the limitations of 
the project. The travel time between each location also was a factor when creating the sampling route for 
these four locations, as travel time to the other locations would have been lengthy and limited the frequency 
of samples collected at a different point in the storm because most time would be spent walking from one 
sample site to the next. The outflow of stream 6 gets divided and flows into locations 1, 2, and 3 so sampling 
at that location revealed insight on the impacts further inland from Browning Pond.  
 Samples were collected in the locations where the water appeared to be well mixed and uniform. 
In addition to the 1 L plastic bottle samples, glass 300 mL BOD bottles were used in the same locations in 
order to test dissolved oxygen. These samples were collected by placing the entire bottle vertically into the 
sampling location while wearing nitrile powderless gloves (US Geological Survey, 2015). Table 4 lists 
number of samples collected at each location. Samples were collected on November 11, 2015, November 
12, 2015, and November 13, 2015. 
Table 4: Sampling Locations 
Location Total Number of Samples 
1 4 
2 4 
3 (pond side) 4 
3 (culvert side) 1 
4 3 
5 3 
6 5 
7 1 
 
  At sampling locations 1 and 4 the flowrate was also determined through the use of a small amount 
of Rhodamine dye. A slug of this dye was injected into the channel at a starting point. The amount of time 
necessary for the dye to reach a set finish point was timed. The distance and travel time were used to 
determine a velocity, which was multiplied by the cross-sectional area of the channel to determine the flow 
(US EPA, 1982). This velocity data was not ultimately used for the designs presented in this project but are 
included in Appendix H for any possible future use by other related projects. 
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3.2.2.2 Testing Methods 
The water samples taken during site visits were then tested for various properties and contaminants. 
Table 5 shows the testing methods for each criteria.  
Table 5: Testing Criteria and Method for Stormwater Flows and Browning Pond 
Criteria Lab Testing Method 
Total Suspended Solids ESS Method 340.2 
Turbidity Standard Methods 2130 
pH Orion 420 pH Probe 
Dissolved Oxygen Orion 3 Star Dissolved Oxygen 
Probe 
Nutrient Levels Ion Chromatography 
Sulfuric Acid-Nitric Acid Digestion  
Hach DR/3000 Color Spectrometer 
Once the samples were collected, lab tests were executed for sediment by testing for Total 
Suspended Solids (TSS) by using ESS Method 340.2  (US Environmental Protection Agency (EPA), June 
1993) and turbidity using a turbidimeter and following Standard Methods 2130 (US EPA, June 2003). The 
pH of the water was be tested using an Orion 420 pH Probe. Similarly, the dissolved oxygen (DO) level of 
samples was determined using an Orion 3 Star Dissolved Oxygen Probe. The nutrient levels (nitrite, nitrate, 
chloride, bromide, fluoride, sulfate and ortho-phosphate-p) in the sample were tested using ion 
chromatography. An additional test to determine total phosphorous concentration was performed using the 
Total Phosphorus using Sulfuric Acid-Nitric Acid Digestion method and a Hach DR/3000 Color 
Spectrophotometer (Wen, et al., 2005). 
For each TSS test, a known volume of sample from a location was added to a dried filter. The filter 
was then dried again and weighed to determine the mass. The mass was divided by the volume of sample 
run through the filter to determine the suspended solids concentration in mg/L for each location. The results 
for turbidity, pH, and DO were obtained directly from the probes. Similarly, the nutrient levels provided by 
the ion chromatography analysis were provided in parts per billion (ppb). The total phosphorous test, 
however, required the production of a calibration curve in Excel as total phosphorous-p versus absorbance. 
The total phosphorus present as phosphate was determined stoichiometrically. 
 These tests were performed on samples collected from Browning Pond and the inflows of the pond 
in order to determine the differences in sediment, pH, DO, and nutrient concentrations caused by increased 
stormwater flow. The “dry” weather tests were performed on a cloudy day with no rain. The “wet” weather 
samples were collected on two consecutive moderately rainy days. Unfortunately the rain was not heavy 
enough in a short period of time to induce any major changes in stormwater flow. Even with the unfavorable 
weather, the differences between the two sampling conditions were still evident after lab testing. These lab 
tests and resulting data revealed the compositions of three streams entering Browning Pond, as well as 
multiple upstream locations and Browning Pond itself. These results affected the scale and type of 
stormwater management plan designed for Treasure Valley Scout Reservation and are discussed in the 
results section.      
3.3 Evaluation of Site Conditions 
Site visits and water quality data were both used to evaluate Treasure Valley Scout Reservation 
current conditions. A ranking scale was created as a one to five scale, with five being the best score and 
one being the worst. Next, areas of the camp were chosen to be ranked using the scale. The areas chosen 
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were the culverts, roads, campsites, fields, sediment levels in the water samples, and nutrient levels in the 
water samples. The functionality of each of these areas was considered when choosing a rank.  
All ranks were chosen in respect to stormwater management in quality. For example, the fields 
perform the function of a recreational space for games and outdoor play very well, yet in respect to 
stormwater management the soils are too compact. The compact soils lead to those fields contributing to 
the volume of runoff since there is minimal infiltration. This perspective was taken for all areas that were 
evaluated. A second section of the evaluation was created to address the water quality, using the same 
ranking scale. However, the ranks given were based off the water sample lab data. Representative pictures 
of the areas of Treasure Valley that were evaluated were included in the evaluation to help improve the 
comprehensiveness. In addition a map of the sample locations a respective ranks were included. 
3.4 Selection of Appropriate Best Management Practices  
Upon completion of the data collection and analysis, the appropriate initial stormwater management 
solutions were designed. To start the development of the appropriate stormwater management design, the 
lab data was analyzed. These data were used to determine what kind of stormwater BMP was necessary 
(e.g. infiltration, conveyance, etc.). The solution design was initially developed based on the results from 
the lab analysis, then the design was evaluated for sustainability and feasibility at Treasure Valley. The 
solution was evaluated by looking at several constraints, including cost, feasibility, and maintenance, to 
determine the best design for each problem to be addressed. Low maintenance and low cost solutions were 
preferred but other options were outlined as well, depending on the severity of the water quality and water 
flow problems leading into Browning Pond. These plans included locations and sizes for stormwater 
management techniques, including physical structures (culverts, ditches, retention basins, rain gardens) as 
well as land management suggestions (increasing vegetation growth, proper care of property).  
Based off of preliminary site visits and field observations, one probable structural design solution 
involved a culvert design. After the first site visit it was noted that at least one culvert is in need of 
replacement due to its poor condition. The washout of several roads suggests that more culverts would be 
helpful in reducing the washout by directing the stormwater flow beneath the road. It was deemed necessary 
and feasible for the installation of one new culvert, and other area of culvert replacement or repair were 
noted. The size of the culvert designed depended on the data gathered describing the flows and volume 
from GIS and the TR-55 method. See section 3.5 for more details on the methods associated with culvert 
design. 
All stormwater BMPs listed in the Background chapter were explored for their use at Treasure 
Valley to determine which one(s) work best and were easiest for Treasure Valley to maintain. The 
recommended solution was sustainable at the very least, in an effort to provide a design that is worth an 
investment. These designs incorporate cost analyses including initial installation or construction costs, 
maintenance costs and expected life spans. The design option that is felt to be most appropriate for the 
Treasure Valley Scout Reservation as a whole was recommended, taking into consideration their possible 
financial investment into the mitigation of their stormwater management problem, the feasibility of 
dedicating land to infiltration or directing water flow, and the overall effectiveness of the plans. 
3.4.1 Rain Gardens 
Rain gardens were chosen is because the rain garden is defined in the MassDEP’s Stormwater 
Guidebook as a filtration and infiltration BMP. Rain gardens are also more adaptable to the different 
campsite layouts and can be installed by volunteers or completed as a possible Eagle Scout project. 
Filtration BMPs remove particulates from runoff and also reduce the quantity of stormwater runoff. These 
are used when space is limited and tend to be more cost effective. Rain gardens are categorized under BMPs 
that remove TSS with a 90% removal rate. In addition, all infiltration BMPs must be able to drain within 
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72 hours (Mass DEP stormwater guidebook, 2016). As noticed during field visits to Treasure Valley Scout 
Reservation, there was considerable runoff around the pavilions on the campsites due to sheet flow off the 
roof top and from the campsite. 
 In order to design an effective rain garden for the campsites at treasure valley, first a drainage area 
was selected. For simplicity, the Hickory campsite was selected for the specific design, but the designs were 
kept general enough to be adapted to the other campsites. Using the GIS, the campsite was found to be 
approximately 1.46 acres. Designing a rain garden to accommodate the entire campsite was deemed 
impracticable as the rain garden would be too large and would take up too much space in the campsite. A 
large rain garden would decrease the effectiveness of the purpose of the campsite to accommodate foot 
traffic of the scouts. 
 Specifically, it was noted that there was significant erosion around the pavilions on the campsites 
during the site visits due to sheet flow. Because rain gardens are designed to reduce storm water runoff 
quantity as well as improve quality, choosing a rain garden to reduce the impact of the storm water runoff 
volume from the pavilion roof was more practical. The rain garden would capture and infiltrate most of the 
volume of runoff from the pavilion rooftop, preventing further erosion around the pavilion and downhill on 
the campsite. 
 In addition to using the 2016 Mass DEP stormwater guidebook, for the design of the rain garden 
for treasure valley, the 2016 Step-by-Step Guide to Planning & Planting Rain Gardens in Detroit was also 
used for design considerations. Designs created for Treasure Valley Scout Reservation follow all Mass DEP 
guidelines but also follow the before mentioned manual so it is easy enough to create without hiring outside 
help if desired. Plant species for the rain garden were chosen based on recommendations in the Mass DEP 
stormwater guidebook as well as from the Wildflower Center. The plants were selected based on nativity 
to Massachusetts, ability to grow in partial to full shade, soil conditions, and toxicity to humans. 
3.5 Calculating Flows 
In order to design a culvert, the total flow must be calculated. This is accomplished by analyzing 
the contributing area based on size, slope, land use, and soil type to determine the total peak discharge over 
time. This section describes the methods taken to define, analyze, and extract information from the 
contributing area. The TR-55 method was used to model stormwater runoff. Ultimately, the TR-55 method 
was used determine the total discharge of stormwater from a contributing area to a downstream location. A 
culvert was designed for this location using the information gathered from the hydrologic analysis.  
 3.5.1 GIS Mapping and Analysis 
 ArcMap GIS was used to define the area contributing to the redesigned culvert location. It was also 
used to indicate the soil types and slopes within that contributing area. The USGS ponds, impervious 
surfaces, and slopes layers were used for the hydrologic analysis. 
3.5.2 Defining the Contributing Area 
 The contributing area encompasses all land and water that drain into a location of interest. This 
location of interest can be seen in Figure 14, labelled with a number 7 on the map at the entrance of 
Browning Pond.   
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Figure 14: Contributing Area 
This downstream location labelled with the 7 represents the location of the current culvert sampled during 
site visits. As the legend states, the black outlined area represents the defined contributing area for analysis. 
This area was defined by outlining land areas contributing to the flow to location 7 and the associated ponds 
and streams shown on ArcMap. The numbered lines on the map indicate ground surface elevations in feet. 
By following the elevation lines on the map, considering field observations, and knowing that the water 
will follow the steepest course (which is perpendicular to the elevation lines) the flow path of water was 
determined. The area outlined by the black dashed line labelled as the noncontributing area on the legend 
consists of dense forest and contains no streams. A large amount of infiltration, transpiration, and 
depression storage was thus assumed. Because this area likely has high infiltration rates and storage, and is 
also upstream of the wetlands areas, the contribution was considered to be negligible with respect to the 
design storms that result in flowrates in the culvert. The approach provided an approximate estimate for the 
contributing area to be used in the culvert analysis.  
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After estimating the contributing area as a whole, it was split into smaller subareas based on land 
slope. The average slope for each subarea was determined using ArcMap and the overall flow path within 
the subarea was estimated using the elevation lines. This is displayed on the map with red dashed lines. 
Also determined using ArcMap were the distances of travel (in feet) of water from the farthest reaches of 
each subarea to the exit of that subarea, as well as the area (in acres) of each subarea.  
As can be seen on the map, the largest section of the contributing area is encompassed within 
subareas 1 through 6. However there is a smaller area outlined and labelled as 1a. This area is a field just 
north of the existing culvert. While this contributes to the overall flow, it never joins the flow coming from 
the east through subareas 1-6 until the culvert entrance, and so it was analyzed independently of the 
remainder of the contributing area.  
3.5.3 TR-55 Method 
As was mentioned previously, the TR-55 method was a major tool in performing the hydrologic 
analysis of the contributing area. The United States Department of Agriculture created a manual containing 
worksheets, instructions, and examples for the use of the TR-55 method. This is titled Urban Hydrology 
for Small Watersheds (USDA, 1986). These worksheets were used in the analysis of Treasure Valley and 
can be found in Appendix E. The Excel worksheets used in this analysis can be found in Appendix F. 
Ultimately these worksheets were put into Microsoft Excel to complete the analysis for storms of different 
magnitudes and to expedite the analysis process. This section describes the process used to complete each 
worksheet and the analysis as a whole. It is key to note that there is no Worksheet 1.  
3.5.3.1 Worksheet 2: Estimating Runoff 
 Worksheet 2 aids in determining the runoff curve number and runoff for each subarea. The 
hydrologic soil group for each subarea was determined using ArcMap and the USGS’s soils data layer. The 
soil groups, as well as land cover type and estimated hydrologic condition, were used to determine the 
runoff curve number for each subarea using Table 2-2c from Urban Hydrology for Small Watersheds 
(USDA, 1986). Based on Figure 14 and the flow pattern of the contributing area, the subareas were divided 
into groups; 1, 2, 4; 3, 5; 1a; and 6. These were assigned in this manner because the streams beginning in 
subareas 1 and 3 flow independently of one another until they meet at the entrance of subarea 6. The 
weighted average curve number was determined for each subarea grouping by multiplying each subarea 
curve number (CN) by its respective area. All CN- area products were added together and divided by the 
total area for each grouping. This yielded the weighted CN’s.  
From here storm frequencies were determined. Based on previous research, a 10 year 24-hour storm 
was used for the culvert design, but to be as thorough as possible, the analysis was also performed for 2, 5, 
25, 50, and 100 year 24-hour storms. The purpose of this was to determine the effects of greater and lesser 
flows on the culvert and to solidify the culvert design. For the worksheets in Appendix E, just the 10 year 
storm was used. The total precipitation over 24 hours for the 2, 10, 25, 50, and 100 year storms were 
determined using Figures B-3, B-5, B-6, B-7 and B-8 from Urban Hydrology for Small Watersheds (USDA, 
1986).  
 Finally, the total runoff, Q in inches, for each subarea grouping was determined using the equation 
𝑄 =
(𝑃−0.2𝑆)2
𝑃+0.8𝑆
 where 𝑆 =
1000
𝐶𝑁
− 10. In these equations, Q is the runoff (inches), P represents the total 
precipitation in inches for the applicable storm, S is the potential maximum retention after runoff begins 
(inches), and CN is the weighted curve number described above.   
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3.5.3.2 Worksheet 3: Time of Concentration and Travel Time 
 Worksheet 3 was used to determine the time of concentration, or the time that it takes water to flow 
from the hydrologically most distant point in the contributing area to the point of interest, the culvert at 
location 7, and the travel time, which is the time that it takes water to flow through one subarea. These 
times are affected by the land slope, soil types, land roughness, and channel flow, including the length of 
travel.  
 Each subarea was considered to be its own segment, corresponding to the subarea numbers labelled 
in Figure 14. Three separate paths of flow were determined based on the map in Figure 12; 1-2-4-6, 3-5-6, 
and 1a. Therefore three times of concentration were determined, one for each path, and seven travel times 
were determined, one for each segment.  
 Sheet flow was assumed to occur during the first 300 feet of each path, taking place in segments 1, 
3, and 1a. Each of these segments was assigned a Manning’s roughness coefficient, n, found using Table 
3-1 from Urban Hydrology for Small Watersheds (USDA, 1986), based on the surface type for each 
segment. The surface types were estimated based on the ArcMap data layers and observations from site 
visits. As section 1a contains a flow length of less than 300 feet, the total length of the segment was used 
for the calculations for travel time. Segments 1 and 3 both surpassed 300 foot lengths and therefore each 
segment was broken up further into sheet flow during the first 300 feet and shallow concentrated flow for 
the remainder. Shallow concentrated flow was assumed for all remaining segments as well. To determine 
the sheet flow travel time, the equation 𝑇𝑡 =
0.007(𝑛𝐿)0.8
𝑃0.5𝑠0.4
 was used. Tt represents the travel time of the 
segment or first 300 feet of the segment in hours, n is Manning’s roughness coefficient, L is the segment 
length in feet, P is the precipitation in inches for a 2 year 24-hour rainfall event, and s is the land slope in 
ft/ft. The segment lengths and land slopes were determined using ArcMap.  
 To determine the shallow concentrated flow for the remaining length of segments 1 and 3, as well 
as all other segments not experiencing sheet flow, each segment was defined as paved or unpaved.  Using 
Figure 3-1 from Urban Hydrology for Small Watersheds (USDA, 1986) and the corresponding paved or 
unpaved line and the land slope (found using ArcMap), the average velocity was determined for each 
segment. From here, the travel time was estimated using the equation 𝑇𝑡 =
𝐿
3600 𝑣
 where L is the length of 
the segment (in feet) and v is the average velocity from Figure 14.  
 The total travel time through each subarea grouping was determined using Microsoft Excel. Upon 
adding the travel time of segment 6 to each grouping, two separate times of concentration were found. 
These two groupings (now 1, 2, 4, 6 and 3, 5, 6) were compared to the time of concentration found for 
segment 1a. The time of concentration that was largest of the three was taken as the total time of 
concentration for the entire contributing area. This is equal to the time that it would take for water from the 
farthest hydrologic location to reach the outlet at location 7.    
3.5.3.3 Worksheet 4: Graphical Peak Discharge Method 
 This worksheet was used to ultimately determine the peak discharge coming from the contributing 
area. This worksheet ties together the information found from the previous two worksheets. The analyses 
for worksheets 4 and 5 were completed using the grouped subareas mentioned in the previous section (1, 
2, 4; 3, 5; 6; and 1a) The initial abstraction Ia, the total loss of water before runoff begins to surface 
depressions, vegetation, infiltration, and evaporation, was found using Table 4-1 from Urban Hydrology 
for Small Watersheds (USDA, 1986) and the average curve number found in worksheet 2. The ratio of the 
initial abstraction to total rainfall for the selected storm frequency, Ia/P, was then found by dividing the 
initial abstraction by the total rainfall of the storm found previously. The rainfall distribution (I, IA, II, or 
III) was determined using Figure B-2 from Urban Hydrology for Small Watersheds (USDA, 1986). The 
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time of concentration and Ia/P ratio were used to determine the unit peak discharge, qu, using the rainfall 
distribution III exhibit found in Exhibit 4-III from Urban Hydrology for Small Watersheds (USDA, 1986). 
Any times of concentration that were too low to be displayed in the figure were estimated using a best guess 
approach. 
 A pond and swamp adjustment factor was assigned to each subarea group based on site visit 
observations and the ponds data layer on ArcMap.  This adjustment factor represents the total percentage 
of land covered by ponds and swamps in each subarea group. Finally, all of this was brought together using 
the equation 𝑞𝑝 = 𝑞𝑢𝐴𝑚𝑄𝐹𝑝 where qp represents the peak discharge in cubic feet per second (cfs), qu the 
unit peak discharge, Am the total area of the subarea group in square miles, Q the runoff in inches calculated 
in worksheet 2, and Fp the pond and swamp adjustment factor.  
3.5.3.4 Worksheet 5a: Basic Watershed Data 
 Worksheet 5a summarizes all previous components of the analysis to prepare for the tabular 
hydrograph method which ultimately leads to the development of hydrographs. Again, the analysis and data 
were grouped based on subarea groupings 1, 2, 4; 3, 5; 6; and 1a. This worksheet included the area of each 
grouping in square miles, the time of concentration for each subgrouping (i.e. the travel time for each 
segment in the subgrouping added together) in hours, the travel time in hours experienced by water from a 
different subarea to make it through that downstream subarea (e.g. for this analysis using the map shown 
in Figure 14 the only subarea with water flowing through it from outside of the subarea is 6, therefore the 
travel time would be the time that it takes outside water to flow through subarea 6 from subgrouping 1, 2, 
4 or 3, 5), the subareas downstream of each grouping, the total travel time from each subgrouping to the 
outlet, the total rainfall for the storm frequency selected, the runoff curve number found for each 
subgrouping, the total runoff for each subgrouping, the product of the area Am and the runoff for each 
subarea, the initial abstraction, and the Ia/P ratio for each subgrouping.  
3.5.3.5 Worksheet 5b: Tabular Hydrograph Method 
 Worksheet 5b uses a series of tabular hydrograph unit discharge tables for rainfall distribution type 
III to determine the unit discharge experienced at a specific time by each subarea of the watershed. These 
tables were be found in Exhibit 5-III from Urban Hydrology for Small Watersheds (USDA, 1986). The 
tables are organized by time of concentration, Ia/P ratio, and travel time. Using this information for each 
subgrouping, the total discharge was found over a range of time. The worksheets limit data points to 12 
specific times, however in the Excel worksheets, all possible times found in the tabular hydrograph unit 
discharge tables (ranging from 11.0 hours to 26.0 hours) were used to make the calculations as accurate as 
possible.  The unit discharge values collected from Exhibit 5-III were multiplied by the product of the 
subgrouping area and the runoff, AmQ, calculated in worksheet 5a. Doing this converts the values from 
tabular discharge to hydrograph discharge and allows the production of hydrographs.  
 After these values were collected for each subarea grouping for each storm frequency, the total 
discharge needed to be found. This was done by adding together the discharges of all sections. In order to 
add these together, subgroupings upstream of subarea 6 needed to account for the additional time necessary 
to travel through subarea 6 to the outflow. However since the analysis performed yielded a very low travel 
time for subarea 6, it was considered negligible in comparison to the other travel times and this step was 
negated for ease of analysis.  
3.5.3.6 Development of Hydrographs 
 The entire TR-55 method process was used to create a series of hydrographs for each storm 
frequency analyzed. The first hydrograph for each storm contained an individual line for each of the four 
subarea groupings to compare the total discharge and time of occurrence for flow coming from each 
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subarea. The second hydrograph for each storm frequency was a combined line representing the total 
discharge coming from all seven subareas of the contributing area over time.  
3.5.4 TR-55 Method Assumptions 
 Several assumptions were made during the hydrologic analysis. Because ArcMap was such an 
integral part of the process, the analysis as a whole was an approximation. ArcMap was used to determine 
elevations, slopes, areas, and lengths. However, there is no way to know how accurate the data layers used 
were. The contributing area outlined on ArcMap was a best guess and could have been off by as much as 
several acres if the elevation lines were even slightly inaccurate. During site visits the ponds shown on 
Figure 14 were not visible due to dry weather conditions. Because of this, channel flow was not considered 
in our calculations using Worksheet 3, even though they likely exist during wet weather conditions. This 
was done because estimations could not be made about stream width, depth, or velocity without observation 
of the streams. Any estimations made would likely have been largely inaccurate. When outlining the 
contributing area, assumptions were made about the surrounding area. It was assumed that a portion of what 
could contribute to the overall flow would not because of the presence of dense vegetation, high infiltration 
rates, and ponds providing a barrier to downstream locations. In summary, the process was conservative. 
All estimates made using ArcMap were best guesses or slightly higher than expected. 
3.6 Culvert Design 
 Upon completion of the hydrologic analysis described in section 3.5, and using the information 
gathered from the TR-55 method, a culvert was designed to replace the culvert currently in place underneath 
the unpaved road just south of the beach in East Camp (location 7 on Figure 14). This section details the 
process used to determine the specifications of the culvert, based off of the peak discharge rate gathered in 
the previous section. The new culvert was designed following the process described in Chapter 9: Design 
Applications in Hydrology of Hydrology and Floodplain Analysis Fifth Edition by Bedient, Huber, and 
Vieu (Bedient, et al, 2013). Designs were made using Microsoft Excel so that many conditions could be 
analyzed. This included varying the culvert length, slope, diameter, and number of barrels, as well as the 
storm frequencies using the corresponding peak discharges found with the TR-55 method. These tables can 
be found in Appendix G.    
3.6.1 Use of Manning’s Equation  
 The design of the culvert was centralized around Manning’s Equation, an empirical equation that 
relates channel velocity, flow area, and channel slope, three central components of a culvert. This section 
describes the use of Manning’s Equation, and subsequent equations, in the design of a culvert for Treasure 
Valley.  
The peak discharges found using the TR-55 method were used with Manning’s Equation, 𝑄 =
1.49
𝑛
𝐴𝑅
2
3𝑆
1
2, to determine the normal depth in the channel at the outlet of the culvert. In this equation, Q is 
the peak discharge in cubic feet per second, n is Manning’s roughness coefficient, found to be 0.012 for 
concrete, A is the area of flow at the outlet in square feet, R is the hydraulic radius in feet, and S is the slope 
of the culvert in feet per foot. The equation was solved in terms of 𝐴𝑅
2
3. The hydraulic radius R was found 
by using the relation 𝑅 =
𝐴
𝑃
 where P is the wetted perimeter. The area downstream of the culvert outlet is 
rectangular in shape with an 8 foot width, therefore the area in terms of the tailwater depth, d, was defined 
as A=8d and the wetted perimeter as P=8+2d. Substituting this back into Manning’s Equation, the tailwater 
depth was solved for.  
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 The maximum allowable total head loss, H, was found by determining the inlet elevation using the 
slope and length of the culvert, adding to it the height of the road, then subtracting the elevation of the 
tailwater (the outlet elevation plus the tailwater depth). This is summarized with the following equation: 
𝐻 = [𝑂𝑢𝑡𝑙𝑒𝑡 𝑒𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 + (𝑠 ∗ 𝐿) + 𝑟𝑜𝑎𝑑 ℎ𝑒𝑖𝑔ℎ𝑡] − 𝑇𝑊 𝑑𝑒𝑝𝑡ℎ. This was done to ensure that the 
headwater depth would not flow over the road in the storm frequency selected.  
 The velocity of the water through the culvert was determined using the equation Q=vA where Q is 
the peak discharge in cubic feet per second, v is the velocity in feet per second, and A is the cross sectional 
area of the culvert in square feet. The velocity in the channel downstream of the culvert was then found 
using the same equation and the cross sectional area of the channel.  
 The entrance head loss was determined using the velocity through the culvert and the equation 
𝐻𝑒𝑛𝑡 = 𝐾𝑒(
𝑉2
2𝑔
) where Ke is the culvert entrance loss coefficient, found to be 0.2 for a concrete pipe with 
groove ends, v is the velocity through the culvert in feet per second, and g is the acceleration of gravity in 
feet per second squared. The exit head loss was then calculated using the equation 𝐻𝑒𝑥𝑖𝑡 = (
𝑉2
2𝑔
)𝑐𝑢𝑙𝑣𝑒𝑟𝑡 −
(
𝑉2
2𝑔
)𝑐ℎ𝑎𝑛𝑛𝑒𝑙 using the calculated culvert velocity and downstream channel velocity. The friction loss 
through the culvert was determined using the equation 𝐻𝑓 = 𝐿(
𝑄𝑛
1.49𝐴𝑅2/3
) where L is the culvert length in 
feet and all other variables are the same as previously defined. The entrance, exit, and friction head losses 
were added together to determine the total head loss. This was compared to the allowable head loss, H. If 
the total head loss is less than the maximum allowable head loss, the design is acceptable and the road will 
not overflow during times of peak discharge.  
 This process, as mentioned above, was completed using Microsoft Excel and was repeated for 2, 
10, 25, 50, and 100 year 24-hour storms, 14, 15, and 16 foot lengths, 0.2%, 0.5%, 1.0%, and 5.0% slopes, 
diameters of 2, 3, and 4 feet, and two barrels of 1, 1.5, 2, and 2.5 feet. An example set of calculations can 
be found in Appendix H for a 10 year storm frequency with a 1.0% slope and two 2 foot barrels.  
3.6.2 Design Assumptions  
There are several assumptions that were made during the design process of the culvert. Manning’s 
Equation applies to uniform open channel flow only. In reality flow is not perfectly uniform, and therefore 
the values obtained using this equation are estimations of what may happen in practice. The assumption 
was made that the culvert is flowing full, even though this may not be the case during smaller storms. 
Additionally, the assumption was made that the headwater and tailwater levels would remain constant under 
peak flow and not increase or decrease due to infiltration or fluctuations in velocity through the culvert. In 
practice the headwater and tailwater levels will likely be lower than those calculated because of infiltration. 
The culvert design assumes downstream flow only. Because the culvert is at such a low elevation on the 
property and is so close to Browning Pond, it is quite possible that large storms will cause overflow from 
the pond that may back up into the culvert area. The design was not created taking this into account.  
3.6.3 Critical Depth 
 The tailwater depths determined for each culvert condition analyzed were compared to the critical 
depth. This is the depth of flow where energy is at a minimum for a specific discharge and can be used to 
classify the slope of the channel as mild or steep. The critical depth was determined using Open Channel 
Hydraulics by Sturm (Sturm, 2001).  For a circular culvert, the equation 𝑍 =
𝑄
𝑔1/2𝑑5/2
 was used where Z is 
a dimensionless variable, Q is the total flow in cubic feet per second, g is the acceleration due to gravity in 
feet per second squared, and d is the diameter of the circular pipe in feet. This was used with Figure 2.13 
in the text with the circular culvert line to determine the corresponding dimensionless y’ value. This variable 
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is defined as 𝑦′ =
𝑦𝑐
𝑑
 where d is again the conduit diameter and yc is the critical depth in feet. If the calculated 
tailwater depth is greater than the critical depth, the slope is classified as mild. If the tailwater depth is less 
than the critical depth it is a steep channel slope (Sturm, 2001). This means that the flow is supercritical 
and is dominated by inertial forces, indicating an unstable flow with a generally high energy loss and high 
erosion potential. This case was checked to ensure that design velocities would not be excessive for various 
conditions.  
3.7 Cost Analysis 
 A cost analysis was performed for the designs presented in this report. The cost analysis 
encompassed the cost of the raw materials used and any specialty equipment that was recommended. The 
culvert estimate is the cost estimate of labor and materials to manufacture the culvert, and the cost estimate 
of the installation and labor for the culvert. Estimation for the culvert was based off the 2015 RS Means 
Building Construction Cost Data. The rain garden cost analysis was created using the 2015 RS Means 
Building Construction Cost Data and the 2015 RS Means Square Foot Costs. This rain garden estimate is 
the cost estimate of installation and materials to create the rain garden design specified for one campsite. 
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4.0 Results 
 This section describes the outcome of all procedures discussed in the Methods section. This 
includes key field observations and rankings for components of the Treasure Valley property, as well as all 
sites sampled. Also included in this section are the results and analyses of all laboratory tests performed, 
the hydrologic analysis using the TR-55 method, the culvert design process, the rain garden design process, 
and the cost analysis.  
4.1 Field Observations 
 Key observations during the site visits on November 11th, 12th, and 13th showed that several streams 
did not hold running water even during the storm event that occurred over the three site visits. This indicated 
that much of the water was infiltrating immediately into the ground surrounding the stream, likely due to 
the dry conditions experienced prior to the rain fall event. Another important observation was that several 
streams held stagnant water during a drought, specifically the stream leading to the culvert near Browning 
Pond. This indicated that the stream depth infiltrated the water table throughout the stream and near the 
culvert by Browning Pond. The fields and campsites were visited as well, and the soil was noticeably 
compact and divots were visible around the pavilions, indicating the stormwater flow shifted into a sheet 
flow over these areas with little infiltration. 
4.2 Sampling Results and Analysis 
Samples collected from seven sampling locations were tested for total suspended solids, turbidity, 
pH, dissolved oxygen, and nutrient levels. The results from all tests can be found in Appendix I. The 
following table details the average of the values presented in Appendix I. 
Table 6: Average Lab Testing Results at Each Sampling Site 
Location Turbidity 
(ntu) 
DO 
(mg/L) 
pH TSS 
(mg/L) 
Total phosphorus 
as PO4
3− 
1 Stream under bridge 4.56 11.82 6.26 20.75 1.02 
2 Browning Pond 2.36 11.54 6.36 8.48 0.598 
3a Broken culvert – beside 
beach 
5.53 11.39 5.66 43.5 0.437 
3b Broken culvert – inland  8.84  --- 5.63 11.67 --- 
4 Snake River 1.045 8.51 6.56 10.3 --- 
5 Culvert between E and W 
camps 
23.1 7.65 6.42 97.44 --- 
6 Culvert by archery range 1.70 11.37 6.51 14.1 0.648 
7 Stream from Fire Pond 32.2 ---  6.08 108.08 --- 
The values in red indicate results that are not recommended for drinking water sources. As relevant 
regulations for swimming water were not found for everything tested, drinking water standards were often 
used as the goal for the health of water in Browning Pond. Since the water isn’t used for drinking water, it 
is not a necessity that the water quality meet these standards.  
Turbidity levels are suggested to be below 5 ntu for lakes and streams with recreational use (North 
Carolina State University, n.d.). The samples taken at the culvert between east and west camps, the stream 
by the fire pond, and both sides of the broken culvert were not below that value. Browning Pond, the area 
used for recreational use, was below the maximum level recommended, so although the streams leading 
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into Browning Pond did not qualify as safe for recreational use it does not require the pond to be closed off 
from swimming.  
Dissolved oxygen at a level less than 5 mg/L is potentially harmful to fish and other organisms in 
the water (Kemker, 2013). None of the samples indicated a lack of dissolved oxygen according to that 
standard. The pH levels should be between 6.5 and 8.5 to be considered part of the normal range (Water 
Research Center, n.d.). Almost all sampling sites except for the samples taken at Snake River and the culvert 
by the archery range were below a pH of 6.5. This indicates that the water is slightly acidic and potentially 
aids in corrosion of existing structures. However, most locations with lower pH levels than desirable were 
fairly close to 6.5. 
Total suspended solid levels make the water cloudy above 40 mg/L, which often is considered to 
indicate a higher probability of water-borne diseases (Kemker, 2014). The sample sites above this level 
include the broken culvert, the culvert in between east and west camps, and the stream by the Fire Pond. 
The stream and the culvert between east and west camps had very shallow water when samples were 
collected and bottles needed to be pushed into the streambed, which could have influenced TSS levels and 
explain their elevated levels as compared to the other sites. The rest of the sites were well below 40 mg/L 
for TSS levels, indicating normal waters in terms of clarity. 
Total phosphorus levels were found to be between 0.4 to 1 mg/L as PO43-. The recommended range 
for total phosphorus is below 0.1 mg/L, which is lower than any of the sample sites tested (North Carolina 
State University, n.d.). Several sites were not tested for total phosphorus due to the amount of sample 
collected. Ion Chromatography tests, including dissolved phosphorus, were not run on samples that had too 
much metal to be run through the ion chromatography machine. The high phosphorous levels found could 
be a potential contributor to the expanding water lily and milfoil populations in Browning Pond.  
 All of the results from the lab tests were used for the evaluation of current site conditions at Treasure 
Valley Scout Reservation. The results also influenced the design of the BMP recommended. 
4.3 Evaluation of Current Site Conditions 
Treasure Valley Scout Reservation was evaluated using a ranking scale from one to five. A total of 
nine areas of interest were ranked. The scale was determined in terms of stormwater management, 
stormwater quality, and how the stormwater impacts functionality. It is recommended that the areas with 
the lowest rank score are given priority for future endeavors. 
Rank Scale Definition 
1 Does not perform the intended function and has sustained severe damage 
2 Minimally functional with major damage 
3 Functional, not in optimal condition, won’t sustain function in long term 
4 Functional and structurally sound on a satisfactory level and will sustain in long term 
5 Fully functional with no damage and provides no detriment to the environment 
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Table 7: Culvert Evaluation Scores 
Criteria Evaluated Score Explanation 
Culverts 
Culvert at site 3: 
broken culvert on the 
pond side 
1 This culvert is damaged beyond repair. There are blockages in the 
culvert and the material used for the culvert is deteriorating. This 
culvert is not functional. Road above culvert often floods and erodes. 
Culvert at site 5: 
between east and west 
camps 
5 This culvert is new, has maximum function and minimal damage. 
Culvert at site 6: by 
archery range 
2 This culvert is functioning minimally, and there is severe rust 
damage, indicating this will not sustain functionality in the long term. 
Roads 
East Camp Paved Road 3 This road is functioning; however there are potholes beginning to 
appear and the paved surface promotes a higher velocity runoff and 
less infiltration. 
East Camp Dirt Road 2 The dirt road is still drivable; however with the stormwater runoff the 
road has sustained damage that will soon make the roads not drivable 
such as large divets in the road where the stormwater flows. 
Campsites 2 While the campsites perform their function as a campsite very well, 
in terms of stormwater, the current situation will not last in the long 
term and is impacting the environment in a negative way due to the 
compact soils that promote sheet flow and minimal infiltration. 
Fields 3 The function of the field is satisfactory; however the infiltration is 
not optimal and runoff leads right into Browning Pond. 
 
The following pictures represent the areas evaluated in the above ranking scale. 
Culverts Roads  
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Campsites Fields 
  
Browning Pond 
 
Table 8: Water Quality Evaluation Scores 
Criteria Evaluated Score Description of Water Quality 
Water Quality 
Site 1: Stream Under 
Bridge 
2 This site had a DO level at 12.11 mg/L, higher than the range for a 
healthy pond (6 – 10 mg/L). This site had a turbidity level of 4.56 
ntu, which is lower than the maximum range of healthy values. 
However the TSS was at 20.75 mg/L, which is slightly higher than 
normal. 
Site 2: Browning Pond 
(from W. Camp Beach) 
4 This site had normal turbidity, slightly higher than necessary DO 
level, but with the acceptable range for TSS levels. This site had 
average levels of all the nutrients compared to the other sites. 
Site 3: Broken Culvert 
(Pond Side) 
2 This site had normal/slightly high levels of turbidity and DO, but 
quite high levels of TSS at 43.5 mg/L.  
Site 3: Broken Culvert 
(Culvert Side) 
1 The turbidity at this site was slightly higher than most of the sites but 
was still within the healthy range. The TSS was on the higher end of 
the healthy range. This site had the highest level of phosphate at 53.6 
ppb and the highest level of fluoride at 862.9 ppb. 
Site 4: Snake River 4 The turbidity and TSS at this site were low compared to the other 
sites. However the DO is on the lower end of the range from all sites, 
indicating it could get dangerous for the fish wildlife.  
Site 5: Culvert between 
E. and W. Camps 
2 This site had high turbidity at 23.1 ntu and a very high TSS at 97.44 
mg/L. This site had the highest level of nitrate at 40.8 ppb. 
Site 6: Culvert by 
Archery Range 
3 This site had the lowest turbidity at 0.441 ntu and an average DO and 
TSS compared to the other sites. This site had the highest levels of 
chloride and sulfate at 60966.8 ppb and 12830.0 ppb, respectively. 
Site 7: Stream from 
Fire Pond 
1 This site had the highest turbidity at 32.2 ntu and the highest TSS at 
108.08 mg/L. The IC lab test was not performed on this sample. 
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Below is a map detailing the sample sites and indicating the rank given to each site. 
 
Figure 15: Map Containing Rank of Each Sample Location 
  
 
 
  
7 (Rank: 1) 
4 (Rank: 4) 
5 (Rank: 2) 
1 (Rank: 2) 
3 (Rank: 2) 
2 (Rank: 4) 
6 (Rank: 3) 
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4.4 TR-55 Method and Culvert Design Results 
 Using the TR-55 method to perform a hydrologic analysis and Manning’s Equation to determine 
the channel velocity, slope, and other characteristics, a culvert was designed with the specifications listed 
in Table 9.  
Table 9: Culvert Design Specifications 
Parameter Unit Value 
Culvert Diameter Ft 2 
Number of Barrels - 2 
Length Ft 16 
Slope Ft/ft 0.01 
Peak Discharge Ft3/s 44.15 
Velocity per pipes Ft/s 7.03 
Downstream velocity Ft/s 4.23 
TW Depth Ft 0.65 
HW Depth Ft 1.39 
 
AutoCAD was used to graphically illustrate a design to meet the specifications seen in Table 9. It can be 
seen in Figure 16.  
 
Figure 16: Culvert Design 
The comprehensive Excel tables from the TR-55 Method can be found in Appendix F. The cells in 
Appendix F with red text indicate no net head loss. The cells highlighted in yellow correspond to the 
conditions yielding no net head loss and were thus calculated accordingly. The cells highlighted in red 
indicate a headwater level that would flow over the road during the corresponding storm. The results of the 
design of all culverts can be found in Appendix G. 
4.4.1 Hydrograph Analysis 
 The results of the TR-55 method and hydrologic analysis are summarized with the hydrographs 
created for each storm frequency. These can be found in Appendix J for all storms. The 10-year 24-hour 
storm hydrographs can be seen in Figure 17. The first hydrograph is of each individual subgroup and the 
second is the combination of all four areas. Each curve displays the total discharge from the corresponding 
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area over time. The highest peak of each curve represents the peak discharge, or the time when all portions 
of the area are contributing to flow and thus the maximum flow is coming off of a portion of land. In the 
second hydrograph for each storm the highest peak represents the maximum total discharge entering the 
culvert at one time, and is thus the flow that the culvert should be designed to handle. 
 
Figure 17: 10-Year Storm Hydrographs 
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These results are summarized in Table 10. This shows how the total flow to the culvert changes depending 
on the storm frequency. Each storm was looked at to determine the conditions of the culvert during both 
lighter and heavier storms than that which it was designed for.    
Table 10: TR-55 Method Results 
Storm Frequency Peak Discharge Time of Concentration 
Year Cubic feet per second hours 
2 17 13 
10 44 13 
25 62 13 
50 71 13 
100 82 13 
 
4.4.2 Culvert Design 
 The culvert was designed using the TR-55 method results to meet Massachusetts regulations. This 
section discusses how storm frequencies and regulations influenced the final design, as well as the various 
design options that were explored. 
 While much of the contributing area to the culvert is relatively steep, the area where the culvert 
will be located is flat, and thus it was assumed that outlet control would dominate the flow conditions. 
According to Massachusetts state regulations the culvert must be designed for a 10 or 25-year storm, with 
analyses for 2 and 100-year storms to determine flow characteristics during milder and more extreme 
conditions. An enclosed circular pipe was selected as there is currently no natural stream and thus no fish 
passage and the road is not high enough to allow for wildlife passage. As discussed in Chapter 2, a piped 
crossing is generally appropriate when storm flow is the primary concern.  
Reinforced concrete was selected because of its durability and long life span. The current pipe is 
corrugated steel and it has suffered from severe corrosion, therefore indicating that a corrosion resistant 
material is necessary. As aluminum and plastic can be easily damaged, concrete was deemed the most 
appropriate option. The culvert will have groove ends as recommended by Massachusetts state regulation. 
A fill layer of 1.5 feet above the culvert was selected based on the unpaved road guide discussed in the 
previous chapter. While this fill depth was given to aluminum pipes, a fill layer of only 1 foot was given to 
steel pipes, so 1.5 feet was selected to be conservative as no guideline was given for concrete pipes. The 
elevation at the outlet was estimated using ArcMap to be 747 feet. The inlet elevation was determined based 
on pipe length and slope in individual cases.  
As the roads within the Treasure Valley property do not experience heavy use like a public highway 
would, a 10-year storm design was selected in favor of a 25-year design. In conditions of heavy rain, it is 
likely that the roads will experience little use and the repercussions of flooding will be lesser than heavily 
used public roads. A minimum of 0.5% slope is required by Massachusetts regulations to ensure proper 
draining. To satisfy this and allow for an easily measureable slope for installation purposes, a 1% slope was 
selected. The current road is 13 feet wide. To allow for a natural slope from the road surface to the bottom 
of the culverts, a 16 foot length was selected in favor of a shorter 14 or 15 foot length. The data shown in 
Table 11 summarize the design options that meet the 1% slope and 16’ length criteria. The items highlighted 
in red have headwater levels that exceed the 6 foot road height at the inlet and would therefore overflow 
the road. The tailwater level was always below the road surface. 
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Table 11: Culvert Design Results for 1% Slope and 16’ Culvert Length 
Storm 
Frequency 
Headwater Depth (ft) per Culvert Diameter 
Ft 2'  3'  4'  2x 1' each 2x 1.5' each 2x 2' each 2x 2.5' each 
2-year storm 0.332 0.227 0.211 2.398 0.559 0.268 0.226 
10-year storm 3.270 0.638 0.537 15.196 3.382 1.394 0.671 
25-year storm 6.906 0.938 0.738 29.875 6.549 2.624 1.197 
50-year storm 9.275 1.104 0.840 39.316 8.576 3.403 1.522 
100-year storm 12.387 1.305 0.959 51.647 11.216 4.413 1.938 
 
To avoid raising the road above the culvert past its current elevation, two barrels with 2 foot 
diameters were selected. In this instance, the road should not overflow, even in during a 100-year storm, 
which is a significant added bonus. The specifications of this design selection were presented previously in 
Table 9 and Figure 16.  
The critical depth was found to be approximately 1.7 feet. All tailwater depths under all conditions 
were lower than the critical depth implying that all culvert designs analyzed were classified as steep channel 
slopes. This means that the flow is supercritical and is dominated by inertial forces, indicating an unstable 
flow with a generally high energy loss and high erosion potential.  
To aid in the prevention of further erosion and to reduce sediment transportation in stormwater, the 
installation of riprap at the inlet and outlet of the culvert is recommended. As discussed earlier, the 
Massachusetts state regulations recommend size R#3 riprap for culverts between 18 and 24 inches in 
diameter at slopes of less than 10%. Therefore, the recommended riprap is an average of 3 inches in size 
with 50% of the stones being between 2 and 3 inches and 50% being between 3 and 6 inches. This is suitable 
for an outflow velocity between 6.5 and 9 feet per second, which is satisfied by the culvert design 
specifications. A fill layer of 1.5 feet should be installed above the culvert. The culvert should be centered 
under the 13 foot road and the road shoulders should be packed into place at a gradual slope that meets the 
bottom of the culvert and the start of the riprap. This will aid in the stability of the road and prevention of 
erosion, as the current road has steeper drop offs and has experienced severe erosion.  
4.5 Rain Garden Design 
It is recommended that Treasure Valley Scout Reservation build rain gardens at appropriate 
locations adjacent to the pavilions on their campsites if the space and topography are favorable. If a campsite 
is overly crowded, then a rain garden could impede the space needed for traffic flow for the boy scouts. 
The rain gardens designed in this project are designed solely for the runoff from pavilion rooftops in order 
to keep the surface area of the rain gardens smaller. The rain garden designed in this project is specifically 
catered to the Hickory campsite located on East camp of the reservation but can be applied to most other 
campsites.  
 The water flowing directly into the rain garden is from the pavilion roof located on site. A rain 
garden will decrease erosion around the pavilion as well as some of the sheet flow that eventually joins the 
streams and later Browning Pond. This design features gutters installed on the pavilion roof. One side of 
the roof’s gutters will flow directly into a rain barrel. The barrel is fitted with an overflow that feeds directly 
into an underground PVC pipe into one of the rain gardens. The second half of the roof’s gutters downspout 
will directly feed into the second rain garden. 
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 The rain barrel was included in the design in order to provide non-potable uses of water to the 
campsite such as extinguishing campfires or rinsing various gear and equipment. It can also be used to 
water the rain gardens in the case of a dry month. In addition, the overflow and spigot connections can be 
interchanged if the storage of water is undesired for a certain period of time. This would result in the 
overflow pipe being connected to the bottom half of the barrel, causing the water to flow directly into the 
rain garden instead of being storing in the rain barrel. A proposed maintenance schedule for both the rain 
barrel and rain garden is included in the recommendations.  
 The rain gardens are designed primarily to accommodate the runoff directly from the pavilion 
rooftops but supplementary depth was added to account for some additional runoff from the campsite that 
may flow into the rain garden. The rain gardens are recommended to be built 10 feet away from the pavilion 
in order to ensure that the majority of the stormwater the rain garden receives is from the rooftop and not 
the campsite. A rain garden designed to handle the stormwater from the entire campsite was too large to be 
feasible. It would have taken up the majority of the space in the campsite, negating the usefulness of a 
campsite. 
According to the Mass DEP Stormwater Handbook, rain gardens, or bioretention surface areas, are 
to be designed to be 5% to 7% of the surface area draining to it. The rain garden is designed for the runoff 
from the pavilion rooftops located on the campsite. In order to accommodate the additional runoff from the 
campsite that will most likely enter the rain gardens, the surface area of the rain garden exceeded Mass 
DEP recommendations. The pavilion area is approximately 40 by 16 ft (Chamberland, 2016). This yielded 
a total drainage surface area of 640 ft2. The design needed to include a method of travel for the stormwater 
runoff from the roof to the rain garden. Gutters were chosen as the solution as they are common for rooftops. 
PVC underground fittings were chosen due to the heavy foot traffic around the pavilions but above ground 
would work as well if desired. 
The surface area of the rain gardens was determined using the surface area of the pavilion as well 
as the infiltration rate of the natural soils in the campsite. This soil type is sandy clay loam with an 
infiltration rate of 0.2 inches per hour (Minnesota Pollution Control Agency, 2015). Over 24 hours this is 
4.8 inches of infiltrated rainfall. According to the Step-by-Step Guide to Planning & Planting Rain Gardens 
in Detroit, rain garden areas can also be found by dividing the roof surface area (640ft2) by the infiltration 
rate over 24 hours (4.8 inches). This equation factors in the infiltration rate more effectively than just taking 
5 to 7% of the pavilion roof surface area. 
𝐷𝑟𝑎𝑖𝑛𝑎𝑔𝑒 𝐴𝑟𝑒𝑎 (𝑠𝑞.𝑓𝑡.)
(𝐼𝑛𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑅𝑎𝑡𝑒 𝑜𝑣𝑒𝑟 24 ℎ𝑜𝑢𝑟𝑠)
= 𝑆𝑖𝑧𝑒 𝑜𝑓 𝐺𝑎𝑟𝑑𝑒𝑛 (𝑠𝑞. 𝑓𝑡. ) (Damaschke, 2016) 
This results in a rain garden surface area of 134 ft2 and accounts for the natural infiltration rate as 
well as a more shallow use of the engineered soil mix which is designed to have a higher infiltration rate. 
The larger surface area will also ensure that the campsite will not be flooded and can accommodate 
additional runoff that may enter the rain garden from the campsite. In order to create an aesthetically 
pleasing design that included two rain gardens that are longer than are wide, the final total surface area of 
the rain gardens is 168 ft2. In order to facilitate direct transport from the rooftop, the rain gardens were 
designed to be located 10 feet away from the pavilion downhill (Bannerman, 2003). Plants native to 
Massachusetts that can grow in either partial to full shade or full sun were chosen and are identified in Table 
12 (Wildflower Center, 2016).  
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Table 12: Rain Garden Plants 
Plant Species Chosen for Rain Garden 
 Season of Blooming 
Plant Species (common name) Spring Summer Fall Winter 
Wild Bergamot   x  
Purple Joepyeweed   x  
Red Osier Dogwood  x   
Deer Tongue  x   
Little Bluestem x    
New Jersey Tea, Redroot x    
The soil media depth must be 2 to 4 feet, with a 2 to 3 inch deep layer of mulch (Mass DEP, 2016). 
The rain garden cannot be built on a slope greater than 20%. The soil mix media is a mixture of sand 
compost and soil with a composition of 40% sand, 20 to 30% topsoil, and 30 to 40% compost. Topsoil is 
either sandy loam, loamy sand, or of a loam texture. The bottom of the rain garden should include a layer 
of gravel and for steeper slopes it is recommended that the gravel layer is 12 inches (Mass DEP, 2016). The 
soil mix layer was chosen to be 26 inches to maintain the standard of 2 feet but also keep the overall depth 
of the rain garden less to cut down on construction and labor. Because of this, most trees and shrubs were 
avoided in plant selection. Two inches of mulch follows on top of the soil mix layer to facilitate growth of 
the plant species.  
Rain gardens that are designed for a direct outlet such as from a gutter must include a ponding 
depth from 6 to 8 inches while the stormwater infiltrates into the garden (Mass DEP, 2016). This design 
proposes an 8-inch ponding depth to accommodate runoff from other areas of the campsite. A berm is 
designed to be 9 inches high so as to be 1 inch higher than the ponding area in order to prevent flooding 
within the campsite.  
 Rerouting the flow from the rooftops into the rain garden will reduce the divots around the pavilions 
created by erosion. The rain garden total surface area was also divided into two separate rain gardens in 
order to create a walkway. This was to mitigate the impact the rain gardens would have on traffic flow on 
the campsite. The two gardens are 12 feet by 7 feet as shown in Figure 18. In the case of Hickory camp, the 
gardens are offset from the edge of the pavilion facing the road to prevent interference with parking as well 
as the bathroom located not far from that end of the pavilion.  
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Figure 18: Rain Garden Campsite Layout 
Figure 19 shows the basic layout of each of the two identical rain gardens. The garden will include a variety 
of plant species that bloom during different times of the year. This will ensure the garden is not only 
attractive during the majority of the year, but also effective. The species chosen were picked based on their 
native status to Massachusetts, as well as the ability to grow in partial to full shade. In addition, none of 
these plants are poisonous to avoid the risk with possibly young scouts in the area. Plants selected are shown 
in Table 12. 
 
Figure 19: Rain Garden Plant Layout 
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 Figure 20 outlines the profile view of the garden as well as the recommended depths of each 
material. The gravel underdrain helps rapid infiltration in the event of a very large storm and provides 
stability for the rain garden. The soil mix is a mixture of soils that facilitate plant growth as well as having 
a higher infiltration rate than the natural soils of Treasure Valley Scout Reservation which has a sandy clay 
loam soil type with a 0.2 inches per hour infiltration rate (Minnesota Pollution Control Agency, 2015).  
 
Figure 20: Profile View of Rain Garden Design 
The shallow layer of mulch on top of the soil mix encourages plant growth and is especially 
important in the first few years of installing the rain garden. The ponding depth is the volume of water the 
rain garden can hold before any infiltration. Because the garden will continually absorb water, this ponding 
depth of 8 inches provides more than enough of a buffer for a large storm. No water will remain in the rain 
garden ponding depth for more than 24 hours. The berm prevents the water from the ponding area from 
flooding the campsite downhill and traps the water in for infiltration. The berm should be compacted and 
sturdy. 
4.6 Cost Analysis 
 After performing research to determine the cost for the rain garden and the culvert design, the total 
amount expected to be spent was calculated. Using the 2015 RS Means Building Construction Cost Data 
the cost of labor and materials to manufacture the culvert containing two 24 inch diameter pipes of 
reinforced concrete with flared ends at 16 feet in length is expected to cost $15,000. The cost of labor and 
installation of the culvert containing two 24 inch diameter pipes with a total volume of 7.5 cubic yards was 
estimated to be $3,500. The overall cost estimate of the recommended culvert for materials and installation 
is $18,500. 
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Based on the proposed rain garden design a cost estimate was created that includes the cost for 
installation as well as materials. This cost estimate is for the rain garden design for one campsite. Displaced 
soil from digging the rain garden will be used to create the berm and slope to the berm. Prices are based on 
the 2015 RS Means Building Construction Cost Data and the 2015 RS Means Square Foot Costs. The total 
estimated cost for the rain garden is $2919, and a breakdown of this total price is shown in Table 13. 
Table 13: Rain Garden Cost Analysis 
Rain Garden Cost 
Item Estimated Cost ($) 
Mulching 160 
Planting Bed Preparation, including Soil Mix 1167 
Plant Species (Ground Cover) 50 
Plant Species (Shrubs) 642 
Gutter Installation and Material 800 
Rain Barrel (50 gal) 100 
Total 2919 
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5.0 Conclusions and Recommendations 
 This section discusses recommendations for maintenance of the rain garden and culvert designs if 
implemented, as well as recommendations for improvement in other areas. Also outlined are issues that 
could be addressed through future Major Qualifying Projects, such as the invasive species and beaver dam 
problems existing in Browning Pond.  
5.1 New Maintenance Plan 
 Treasure Valley Scout Reservation has degrading roadways and playing fields. One 
recommendation is to have a new maintenance plan for the property. The evaluation of current site 
conditions in Section 4.3 illustrated the areas that need the most focus in upcoming years, which include 
roadways, culverts, and the playing fields. To address some, not all, of those areas, a rain garden is 
recommended as well as the installation of a new culvert. It is also recommended that Treasure Valley 
Scout Reservation explore options of porous pavement for their roadways as a potential solution to the 
current road erosion issue, and invest in repairing the older culverts on site. 
 Very few buildings and structures on the Treasure Valley Scout Reservation have gutters. Gutters 
can protect the foundation of the structure by reducing erosion of the soil around the building. Gutters also 
help manage and direct the flow of the water so it can then be properly dealt with rather than causing more 
damage. It is recommended that Treasure Valley Scout Reservation consider putting gutters on major 
buildings and camp structures in order to effectively redirect flow. Gutters will help prevent some of the 
sheet flow experienced during storms as well as erosion on the camp sites, especially around the buildings. 
Erosion around pavilions in the campsites can be avoided through this solution, saving money on costs to 
bring in more soil and gravel. The gutters should either direct flow towards rain gardens or go into a rain 
barrel for other uses. 
5.2. Rain Garden Design 
 
It is recommended that Treasure Valley Scout Reservation build rain gardens on their campsites in 
order to reduce the erosion caused by the heavy runoff from the pavilions. These rain gardens will also 
reduce the volume of stormwater that flows across the campsites and into Browning Pond. An example for 
a rain garden design tailored to the Hickory campsite is described in Section 4.5 and can be viewed in 
Figures 18, 19, and 20. These gardens should only be built if there is ample space to accommodate foot 
traffic and a rain garden. The specified rain garden in the results section is designed for the Hickory 
campsite but the general principals can be applied to any of the campsites on Treasure Valley Scout 
Reservation that have a pavilion and adequate space.  
Rain gardens are also aesthetically pleasing and can be constructed as part of a scouting project. 
While the rain gardens are designed to collect the runoff from the pavilion rooftops will not remove any 
pollutants, it will reduce the amount of erosion occurring on the campsites. Rain gardens can also be adapted 
for use in other areas on Treasure Valley Scout Reservation to absorb nutrients and pollutants as well as 
remove up to 90% of TSS. 
5.2.1 Rain Garden Maintenance Plan 
During the first few years following installation the rain garden will need more maintenance. This 
is because the plants will need time to firmly establish roots in the soil. Table 14 shows a recommended 
maintenance schedule based on the Mass DEP stormwater handbook. Following these guidelines will help 
increase the longevity and effectiveness of the rain garden. 
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Table 14: Rain Garden Maintenance Plan (Mass DEP, 2016). 
Maintenance Schedule 
Activity Time of Year Frequency 
Removing trash and weeds All year Monthly 
Mulching Spring Annually 
Removing dead vegetation Fall or Spring Annually 
Replacing dead vegetation Spring Annually 
Pruning Spring or Fall Annually 
Replacing soil media Spring or early Summer As needed 
Watering Dry months As needed 
 
5.3 Culvert Recommendations 
 The culvert located next to Browning Pond is in non-functional condition, so it is recommended 
that this culvert be replaced. Using the TR-55 method and ArcMap, an appropriate culvert was designed. 
Due to the contributing area to this culvert containing mostly wooded areas and camp sites, it was deemed 
the best option to prevent erosion of the roadway that passes over the culvert, rather than making infiltration 
efforts upstream. To improve the infiltration, there needs to be adequate space, which eliminates the 
campsite areas, and the installation needs to be feasible, which eliminates the wooded area. Replacing the 
culvert near the beach would be a direct fix to the non-functioning culvert. The culvert was designed per 
the Town of Oakham’s regulations, which follow Massachusetts state regulations, so that it is able to handle 
the appropriate storm without overtopping the road. The specifications for this design are located in Section 
4.4.   
 The current state of the culvert is unusable in large part because of blockage. It is recommended 
that the new culvert be routinely cleaned out after installation to prevent blockage, reduce sediment 
transport into Browning Pond, and prevent backup and overflow onto the road during storms.  
5.4 Future MQP Topics 
  During field visits to Treasure Valley Scout Reservation, many different problems that negatively 
affected water quality were noted. Problems found were beaver dams, road erosion and usability, Browning 
Pond water quality, and a sports field addition. These stormwater related issues on the reservation should 
be researched by possible future major qualifying projects. Finding solutions would benefit Treasure Valley 
Scout Reservation economically and environmentally.  
One major issue found was the buildup of beaver dams near the Snake River inlet of Browning 
Pond. In this area there was an overgrowth of milfoil and pond lily invading the pond, potentially caused 
by water quality issues from the dam buildup. If the dams were to fail it could cause an overflow in the 
pond that is not currently planned for, causing flooding and other damages. A possible project researching 
the effects of these beaver dams as well as possible solutions to this problem would benefit Treasure Valley 
Scout Reservation. 
In addition to researching the effects and possible solutions to the beaver dam build up in Browning 
Pond, further study should be taken into the milfoil and pond lily infestation. This possible project should 
build upon the data developed in this report and try to examine where the majority of the contamination is 
coming from. As this report focused mostly on East Camp, this possible project should look more in depth 
in West Camp, near the road that cuts through the southern edge of Browning Pond, and at the main road 
running upstream of east camp in the Treasure Valley property. 
 53 
 
Another project that would benefit the reservation is researching the most economical and 
beneficial way to improve roads in Treasure Valley. Many of the roads were eroding and deteriorating. 
Some erosion on the roads degraded to the point that they were no longer accessible by most vehicle. Other 
roads were paved but already had signs of potholes. It would save money on maintenance of continuously 
eroding gravel and dirt roads and improve transportation on site.  
Treasure Valley Scout Reservation has expressed interest in building more sports fields for the Boy 
Scouts. This was not investigated in this project, but should be investigated in the future as a large sports 
field presents many stormwater problems. A large field would require the demolition of trees and other 
natural vegetation that naturally impede erosion and stormwater flow. This would result in more overland 
flow into the pond and possible increases in contamination if the fields are fertilized. In order to mitigate 
impacts, an area that is relatively cleared already should be chosen rather than a heavily wooded location. 
The feasibility of developing a detention basin under the field should also be researched as this detention 
basin would mitigate many of the stormwater quality and quantity problems with building the field. 
  
 54 
 
Bibliography 
Bannerman, R., Considine, E., and Horwatich, J. (2003). Rain Gardens: a How-To Manual for 
Homeowners. Retrieved from http://learningstore.uwex.edu/assets/pdfs/GWQ037.pdf. 
Bedient, P. B., Huber, W. C., & Vieux, B. E. (2013). Hydrology and Floodplain Analysis (5th ed.). 
 Upper Saddle River, NJ: Pearson Education. 
Bradford County, Florida (n.d). Installed Culvert Costs. Retrieved from 
 http://www.bradfordcountyfl.gov/road%20dept/culvert%20price%20list.pdf 
Charlotte-Mecklenburg Stormwater Services (2014, Jan.). In Storm Water Design Manual Chapter 6: 
Design of Culverts. Retrieved December 12, 2015 from 
http://www.charmeck.org/stormwater/regulations/Documents/Storm%20Water%20Design%20M
anual/Chapter6DesignofCulverts.pdf 
ESRI (n.d.) In Vision Retrieved Oct. 14, 2015, from http://www.esri.com/about-esri/vision  
Handbook for Sampling and Sample Preservation of Water and Wastewater. (1982). Cincinnati,  Ohio: 
Environmental Protection Agency.  
In Chemical Watch Factsheet: 2, 4-D. Retrieved Oct. 9, 2015, from 
http://www.beyondpesticides.org/assets/media/documents/pesticides/factsheets/2-4-D.pdf. 
Damaschke, Melissa, and Ross, Cynthia. (2016). Step-by-Step Guide to Planning & Planting 
Rain Gardens in Detroit. Retrieved February 20, 2015 from 
http://vault.sierraclub.org/greatlakes/downloads/RainGardenGuide.pdf. 
In Diquat Chemical Fact Sheet. (2012, Jan.).  Retrieved Oct. 9, 2015, from 
http://dnr.wi.gov/lakes/plants/factsheets/DiquatFactsheet.pdf 
In Dry Well Fact Sheet: Small Scale Residential LID BMP Measures.. Retrieved from 
http://www.lbds.info/civica/filebank/blobdload.asp?BlobID=3849 
In HydroCAD Stormwater Modeling. Retrieved Oct. 9, 2015, from http://www.hydrocad.net/ 
Iowa Stormwater Management Manual. In 2N-1 General Information for Design of Culverts. (2009, 
Oct.). Retrieved Dec. 12, 2015. 
Kemker, Christine. Dissolved Oxygen. Fundamentals of Environmental Measurements. Fondriest 
Environmental, Inc. 19 Nov. 2013. Web. Retrieved February 21, 2016, from 
http://www.fondriest.com/environmental-measurements/parameters/water-quality/dissolved-
oxygen/  
Kemker, Christine. Turbidity, Total Suspended Solids and Water Clarity. Fundamentals of Environmental 
Measurements. Fondriest Environmental, Inc. 13 Jun. 2014. Retrieved on February 20, 2016 from 
http://www.fondriest.com/environmental-measurements/parameters/water-quality/turbidity-total-
suspended-solids-water-clarity/  
 55 
 
Maniquiz, Marla. C, and So-Young. Lee, and Lee-Hyung. Kim. (2010). Long-term monitoring of 
infiltration trench for nonpoint source pollution control. Water, Air, & Soil Pollution, 212 (1-4), 
PP 13-26. 
Massachusetts DEP. (2001, winter). The Massachusetts Unpaved Roads BMP Manual. Retrieved 
 February 21, 2016, from  
 http://www.mass.gov/eea/docs/dep/water/resources/a-thru-m/dirtroad.pdf 
Massachusetts DEP. (2003, May). Massachusetts Erosion and Sediment Control Guidelines for Urban and 
Suburban Areas. Retrieved February 21, 2016, from 
http://www.mass.gov/eea/docs/dep/water/esfull.pdf 
Massachusetts DEP. (2016). Massachusetts Stormwater Handbook. Retrieved from 
http://www.mass.gov/eea/agencies/massdep/water/regulations/massachusetts-stormwater-
handbook.html. 
Massachusetts DEP. (2011, Aug. 2). In Browning Pond. Retrieved Sep. 18, 2015, from 
http://www.mass.gov/eea/docs/dfg/dfw/habitat/maps-ponds/dfwbrow.pdf 
Minnesota Pollution Control Agency (2015, March 31). Design Infiltration Rates. Retrieved from 
http://stormwater.pca.state.mn.us/index.php/Design_infiltration_rates. 
Missouri Botanical Garden. Rainscaping Guide: Design & Build a Rain Garden. (n.d.). Retrieved 
 December 16, 2015, from 
 http://www.missouribotanicalgarden.org/sustainability/sustainability/sustainable- living/at-
 home/rainscaping-guide/design-and-build-a-rain-garden/organize-water- flow.aspx 
NC Department of Environment and Natural Resource: Energy Mineral and Land Resources - BMP 
Manual. (2007, July 1). Retrieved September 24, 2015, from http://portal.ncdenr.org/web/lr/bmp-
manual 
New Jersey Stormwater Best Management Practices Manual: Chapter 9.3: Standard for Dry Wells. (2004, 
February 1). Retrieved October 10, 2015, from 
http://www.state.nj.us/dep/stormwater/bmp_manual/NJ_SWBMP_9.3.pdf 
Non-native Waterlilies (Nymphaea Spp.). (n.d.). Retrieved October 9, 2015, from 
http://www.dnr.state.mn.us/invasives/aquaticplants/waterlilies.htm 
North Carolina State University. In Watersheds Turbidity. Retrieved February 22, 2016, from 
http://www.water.ncsu.edu/watershedss/info/turbid.html 
North Carolina State University, In Watersheds Phosphorus. Retrieved February 22, 2016 from 
http://www.water.ncsu.edu/watershedss/info/phos.html 
Oakham General Bylaws. (n.d.). Retrieved October 9, 2015, from http://www.oakham-
ma.gov/clerks/ByLaws/Town BYLAWS.pdf 
Permeable Pavement. (2015, September 24). Retrieved October 9, 2015, from 
http://www2.epa.gov/soakuptherain/permeable-pavement 
Phelan, M. (Ed.). (2014). RS Means Square foot costs 2015 (36th ed.). Norwell, MA: Construction & 
 Consultants. 
 56 
 
Plotner, S. C. (Ed.). (2014). RS Means building construction cost data 2015 (73rd ed.). Norwell, MA: 
 Construction & Consultants. 
Purdue Engineering. In Culverts and Bridges. Retrieved December 12, 2015, from 
https://engineering.purdue.edu/~abe527/lectures/culvertdesign.pdf 
Rain Gardens. (2015, September 24). Retrieved October 9, 2015, from 
http://www2.epa.gov/soakuptherain/rain-gardens 
Rain Gardens. (n.d.). Retrieved October 9, 2015, from http://www.commonwaters.org/about-
massachusetts-watershed-coalition/what-we-do/green-towns/rain-gardens 
Robinson, M. (2002, November 1). Variable Milfoil: An Invasive Aquatic Plant. Retrieved October 8, 
2015, from http://www.mass.gov/eea/docs/dcr/watersupply/lakepond/factsheet/variable-
milfoil.pdf 
Section VI. Design Standards. (n.d.). Retrieved October 8, 2015, from 
http://www.townofrutland.org/Pages/RutlandMA _Planning/Design 
Selbig, W., & Balster, N. (2010). Evaluation of Turf-Grass and Prairie-Vegetated Rain Gardens  in a 
 Clay and Sand Soil, Madison, Wisconsin, Water Years 2004–08. Retrieved December 16, 
 2015, from http://pubs.usgs.gov/sir/2010/5077/ 
Smith-Horn, Lucas, Stanton, Chris, and David Warfel. (2011, December 15). Stormwater Management 
Plan for the West Boylston Brook Subbasin. Retrieved January 20, 2016 from 
https://www.wpi.edu/Pubs/E-project/Available/E-project-121611-
123031/unrestricted/MQP_Report_1.0.pdf. 
Spencer Stormwater Regulations. (2011, December 20). Retrieved October 8, 2015, from 
http://www.spencerma.gov/Pages/SpencerMA_Bcomm/Planning/Spence rStormwaterRe g5-
2015bylawamendm.pdf 
Storm Water Drainage Wells. (2012, August 22). Retrieved October 12, 2015 from 
http://water.epa.gov/type/groundwater/uic/class5/types_stormwater.cfm 
Stormwater Management Fact Sheet. (n.d.). Retrieved October 9, 2015, from 
http://www.stormwatercenter.net/Assorted Fact Sheets/Tool6_Stormwater_Practices/Infiltration 
Practice/Infiltration Trench.htm 
Sturm, T. W. (2001). Open Channel Hydraulics. Boston: McGraw-Hill. 
Town of Paxton Stormwater Bylaw. (2012, May). Retrieved October 8, 2015. 
Treasure Valley Scout Reservation. (n.d.). Retrieved October 9, 2015, from 
http://www.mohegancouncilbsa .org/treasure-valley- scout-reservation/ 
United States Department of Agriculture (1986, June). Urban Hydrology for Small Watersheds. 
 Retrieved February 21, 2016, from 
 http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1044171.pdf 
US Environmental Protection Agency. (2014, Jul. 4). In Wet Ponds. Retrieved Nov. 2, 2015, from 
http://water.epa.gov/polwaste/npdes/swbmp/Wet-Ponds.cfm 
US Environmental Protection Agency. (2014, Jul. 3). In Dry Detention Ponds. Retrieved Oct. 9, 2015, 
from http://water.epa.gov/polwaste/npdes/swbmp/Dry-Detention-Ponds.cfm 
 57 
 
US Environmental Protection Agency. (1993, June 1). In ESS Method 340.2: Total Suspended Solids, 
Mass Balance. Retrieved September 28, 2015, from 
http://www.epa.gov/grtlakes//lmmb/methods/methd340.pdf 
US Environmental Protection Agency. (1982, September). In Handbook for Sampling and Sample 
Preservation of Water and Wastewater. Retrieved November 5, 2015, from 
http://nepis.epa.gov/Exe/ZyNET.exe/30000QSA.TXT?ZyActionD=ZyDocument&Client=EPA&
Index=1981+Thru+1985&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict
=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0
&ExtQFieldOp=0&XmlQuery=&File=D%3A\zyfiles\Index%20Data\81thru85\Txt\00000001\30
000QSA.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h|-
&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Di
splay=p|f&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%2
0page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL 
US Environmental Protection Agency. (2003, June 1). In Analytical Method for Turbidity Measurement: 
Standard Methods 2130 A and B. Retrieved September 28, 2015, from 
http://www.epa.gov/safewater/disinfection/lt2/pdfs/guide_lt2_pwsguide_appendix--h_turbidity-
sm.pdf 
US Environmental Protection Agency. (2003, June 1). In Standard Methods 9221 B. Standard Total 
Coliform Fermentation Technique. Retrieved September 28, 2015, from 
http://www.epa.gov/safewater/disinfection/lt2/pdfs/guide_lt2_mlmanual_appendix-p.pdf 
US Environmental Protection Agency. (2003, June 1). In Standard Methods 9222 B. Standard Total 
Coliform Membrane Filter Procedure, Standard Methods 9222 D. Fecal Coliform Membrane 
Filter Procedure, and Standard Methods 9222 G. MF Partition Procedures Escherichia Coli 
Partition Methods. Retrieved September 28, 2015, from 
http://www.epa.gov/safewater/disinfection/lt2/pdfs/guide_lt2_mlmanual_appendix-k.pdf 
US Geological Survey. (2015, October 1). In National Field Manual for the Collection of Water-Quality 
Data. Retrieved September 28, 2015, from 
http://water.usgs.gov/owq/FieldManual/compiled/NFM_complete.pdf 
US Geological Survey Eastern Region PSC 4. (2015, Feb. 22). In Geographic Information Systems. 
Retrieved Oct. 9, 2015, from http://egsc.usgs.gov/isb//pubs/gis_poster/ 
Variable Milfoil. (2010). Retrieved October 12, 2015, from 
http://des.nh.gov/organization/commissioner/pip/factsheet s/bb/documents/bb-23.pdf 
Water Research Center. The pH of Water. Retrieved February 20, 2016, from http://www.water-
research.net/index.php/ph 
Weed Info - Filamentous Algae. (n.d.). Retrieved October 9, 2015, from 
http://www.aquaticbiologists.com/algae--weed-id-guide/problem-pond-and-lake-algae/weed-info-
--filamentous-algae 
Wen, H., & Pellegrino, D. (2005). Determining Total Phosphorus using Sulfuric Acid-Nitric Acid 
 Digestion and a Hach DR/3000 Color Spectrophotometer. Worcester Polytechnic Institute 
 Department of Civil & Environmental Engineering. 
Wildflower Center (2016). Special Collections: Massachusetts Recommended. Retrieved from 
https://www.wildflower.org/collections/collection.php?collection=MA.  
 58 
 
Appendix A: Proposal 
 
 
 
 
 
 
 
 
 
Treasure Valley Scout Reservation:  
Stormwater Quality and Management 
MQP Proposal 
 
Written By: 
Brittany Colcord, EVE 
Samantha Foote, EVE 
Alexandra MacLaren, EVE 
 
 
Advised By: 
Suzanne LePage 
 Paul Mathisen 
  
 59 
 
Table of Contents 
Capstone Design Statement ........................................................................................................................ 60 
1.0  Introduction ..................................................................................................................................... 61 
2.0  Background ..................................................................................................................................... 64 
2.1  Introduction ................................................................................................................................. 64 
2.2  Treasure Valley ........................................................................................................................... 64 
2.3  Stormwater Best Management Practices ..................................................................................... 67 
2.3.1 Treatment ............................................................................................................................ 68 
2.3.2 Conveyance ......................................................................................................................... 70 
2.3.3 Infiltration ........................................................................................................................... 71 
2.3.4 Other Stormwater BMPs  .................................................................................................... 73 
2.4  Massachusetts Stormwater and Water Quality Rules and Regulations ....................................... 75 
2.4.1  Rutland ................................................................................................................................ 75 
2.4.2  Paxton ................................................................................................................................. 75 
2.4.3  Spencer ................................................................................................................................ 75 
2.4.4  Oakham ............................................................................................................................... 75 
2.5 Invasive Species .......................................................................................................................... 76 
2.5.1 Variable Milfoil................................................................................................................... 76 
2.5.2 Water Lilies and Pond Algae .............................................................................................. 77 
2.6 Geographical Data Management and Hydrologic Modeling ...................................................... 77 
2.6.1 GIS Mapping ....................................................................................................................... 77 
2.6.2 HydroCAD .......................................................................................................................... 77 
2.7 Conclusion ........................................................................................................................................ 78 
3.0 Methods................................................................................................................................................. 79 
3.1 Literature Review .............................................................................................................................. 80 
3.2 Wet Condition Observations ............................................................................................................. 81 
3.3 Water Quality of Stormwater and Browning Pond ........................................................................... 81 
3.3.1 Sampling Locations and Criteria ................................................................................................ 81 
3.3.2 Testing Methods ......................................................................................................................... 82 
3.4    Geographical Data Use and Hydrologic Modeling ........................................................................ 83 
3.6 Best Management Practices Design  ................................................................................................. 83 
Appendix A: Map of Treasure Valley Scout Reservation .......................................................................... 85 
Bibliography ............................................................................................................................................... 85 
 
  
 60 
 
Capstone Design Statement 
 
The WPI Capstone Design requires that all students participate in a culminating project that brings 
together knowledge learned from the classroom, knowledge learned from real-world experiences, and 
knowledge learned while working on the project. In order to meet the WPI capstone requirement of this 
project, a stormwater management plan will be designed for the Treasure Valley Scout Reservation. This 
plan will be developed through site visits and assessments, a sampling plan, and modeling of the reservation 
through software. This management plan will include recommendations to include various BMPs that will 
be useful at specified locations on site. This project will consider many constraints and will address 
economic, environmental, sustainability, manufacturability, ethical, health and safety, social, and political 
issues as follows: 
Economic: The land management plan will be economically feasible for Treasure Valley Scout Reservation 
in order to reduce maintenance costs. BMPs selected will be chosen based on their short and long term 
economic feasibility.  
Environmental: Because the purpose of this project is develop a land management plan that will improve 
Browning Pond water quality and stormwater conditions on Treasure Valley Scout Reservation, 
environmental issues are of primary importance. 
Sustainability: The stormwater management solutions will need to be sustainable for the site and 
sustainability will be heavily considered in the land management plan and BMPs selected.  
Constructability: Designs for this project will include BMPs chosen to specifically accommodate Treasure 
Valley Scout Reservation. The BMP designs will consider manufacturability in materials and maintenance 
requirements so they can be accurately and successfully implemented on site.  
Ethical: This project, which includes research, report writing, field and lab work, and designs, will be 
carried out in a way that adheres to moral and ethical standards, specifically that of the American Society 
of Civil Engineers (ASCE) Code of Ethics. This code of ethics focuses around the values of integrity, 
respect, excellence, continuous improvement, and teamwork. This code will guide our methods throughout 
the project. 
Health and Safety: This project will focus on improving the stormwater management and water quality of 
Browning Pond. Improving the water quality of Browning Pond will make it safer for the Boy Scouts to 
use and swim in and will benefit the watersheds that Browning Pond contributes to of the neighboring 
towns. 
Social and Political: Because Treasure Valley Scout Reservation includes land located in four different 
towns, these political constraints and individual town regulations will be considered in design solutions. 
Water quality is important to maintain between the towns so one is not directly contributing to the pollution 
of the next. 
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1.0  Introduction 
 
 Improper stormwater management results in environmental issues that can harm both the 
natural and man-made worlds. Without proper stormwater management, road erosion and 
uncontrolled flooding are commonplace. This can lead to costly issues with facilities maintenance 
and contamination. Stormwater commonly drains into existing water bodies and unfortunately it 
is not just the water that drains; it is also any sediment and contamination carried with it.  
 
These types of problems impede daily operations of facilities that depend on the natural 
environment, including the facilities at Treasure Valley Scout Reservation in Rutland, MA. The 
reservation is an expansive natural area containing several camp sites with facilities for 
administrative and recreational purposes. It is built over the walls of a valley with steep slopes, 
causing the majority of the precipitation to drain into Browning Pond, the pond between the two 
valley walls, with minimal infiltration. The stormwater carries with it contaminants and silt, thus 
increasing the nutrient content in the pond water and diminishing the overall quality of the water.  
 
The facilities team at Treasure Valley has made many attempts to control stormwater flow 
within the property. This includes digging ditches, installing culverts, planting various types of 
vegetation, and bringing in new materials for the roads. However, the majority of these attempts 
have been unsuccessful. The water often flows over the roads rather than being guided by the 
ditches, washing out whatever material is placed there; it overflows several of the culverts, 
especially those by the waterfront which receive heavier use but are of similar size to those 
upstream, and flows through the majority of the vegetation rather than being resisted by it.  
 
 In addition, Browning Pond is experiencing excessive growth of milfoil, pond lilies, and 
potentially algae, as seen in Figure 1, that are unfavorable to the Boy Scout recreational activities 
in the warmer months. Identifying and preventing the contamination carried in stormwater through 
management techniques will help control the invasion, the well-being of native aquatic and plant 
life, and the quality of the water as a whole. The Reservation requires improved stormwater 
management to prevent flooding and erosion of the site’s roads and campsites, as well as to reduce 
contamination of Browning Pond. 
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Figure 1: Browning Pond (MacLaren, 18 September 2015) 
 
The goal of this project is to accurately identify and control problematic stormwater flows 
that erode the roads and campsites as well as contaminate Browning Pond. This goal will be 
achieved by developing a plan to control the flow of stormwater and contamination into Browning 
Pond, as well as the flooding and washout of roads and campsites. At the conclusion of the project 
a series of recommendations will be provided to sustainably divert stormwater flow and promote 
infiltration.  
 
To control contamination, the inflows of Browning Pond, including constant inflows and 
those caused by stormwater runoff, will be identified and the compositions of these inflows 
determined. This will reveal what is entering the pond and from where. These data will reveal the 
general composition of the pond and where the most contamination is coming from. These areas 
will require the most intensive stormwater management utilizing Best Management Practices 
(BMPs) to prevent sediment and nutrients from entering the pond. 
 
In order to address the issue of eroding land, specifically that of the roads and campsites, 
ArcMap and HydroCAD will be used. ArcMap will assist in determining the topography of the 
site, including the slopes of the land and soil types, as well as the uses for land surrounding the 
Treasure Valley property and the area upstream of Browning Pond. HydroCAD will be used to 
determine flowrates and flow paths during various types of storms and will aid in creating 
hydrographs to analyze this information, such as how flowrates and concentrations of 
contaminants change throughout the course of a storm.  
 
The roads and campsites will also be monitored and observed during storms. This will 
assist in predicting the areas of heavier flow in the Treasure Valley Scout Reservation. The 
information gathered will allow the best course of action to be determined, taking into account the 
landscape and economic restraints.  Multiple solutions will be designed that will both aid in 
protecting Browning Pond and reduce the impacts of stormwater flow on the property itself. Those 
selected and incorporated into the recommendation will be based on their appropriateness for the 
Treasure Valley property as a whole.  
 63 
 
 
At the conclusion of this MQP, Treasure Valley Scout Reservation will have a series of 
recommendations and designs on how to manage the on-site stormwater. These recommendations 
will include one or more BMP designs suited for the site that will be economically feasible and 
mitigate the negative effects of stormwater on the land. Several solutions will be considered, 
including both structural methods, such as culverts and ditches to control stormwater flow, and 
land management practices, like increasing vegetation or changing road materials to promote 
infiltration, as well as any additional changes that the Treasure Valley team could make to mitigate 
their issues.  
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2.0  Background  
 
2.1  Introduction 
 The overall goal of this project is to determine an effective and feasible way to manage the 
stormwater on the Treasure Valley Scout Reservation. This section discusses the Treasure Valley 
Scout Reservation, including the site uses, issues with stormwater and contamination, attempted 
solutions, and plans for the future. Best Management Practices (BMPs) for sites with similar 
topographies, uses and issues are explored. The stormwater and water quality regulations and 
codes for the towns in which Treasure Valley resides, as well as the state of Massachusetts, are 
discussed. An explanation of the species invading Browning Pond, including their respective 
effects on aquatic life and treatment options, is provided. The computer software programs used 
to complete this project are introduced and discussions of previous Major Qualifying Projects 
completed by WPI students of consequence to this project and its completion are provided.   
2.2  Treasure Valley 
 The 1600-acre Treasure Valley Scout Reservation is a woodland camp for the Boy Scouts 
of America offering several recreational uses, including hiking and biking trails, archery and 
shooting ranges, playing fields and a pond on site for aquatic activities. The camp was founded in 
1925 and lies within four towns in central Massachusetts: Oakham, Paxton, Rutland and Spencer. 
The camp relies almost entirely on solar power and contains a six-megawatt solar farm, as well as 
individual solar panels on many of the buildings on site. A map of the Treasure Valley site is 
shown in Figure 2, and a larger version can be seen in Appendix A.  
 
Figure 2. Map of Treasure Valley (Treasure Valley, n.d.) 
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The Reservation consists of two campgrounds - West Camp for Cub Scout residents and 
day campers and East Camp for Boy Scout residents. Each camp resides on a hill opposite the 
other with a water body, Browning Pond, resting in the valley between (“Treasure Valley,” n.d.). 
East Camp is used more heavily than the West Camp and thus suffers more from road erosion and 
runoff contamination. Because of the steep topography, the majority of the precipitation on site 
drains to Browning Pond with minimal infiltration. Heavy foot traffic that has compacted the soil 
and steep slopes work against infiltration of stormwater as it flows into the pond.  
The campsites endure frequent use, as do many of the fields on site, resulting in compact 
soils which do not promote infiltration (Treasure Valley Scout Reservation Site Visit, Oct. 9th 
2015). During storms, the compactness and lack of infiltration cause a sheet flow of stormwater 
over campsites and fields. Similar to the campsites, the roads compact where tire tracks are, 
causing the stormwater to use the dips as channels for flow downhill rather than existing ditches 
on roadsides. This ___ washes out the roads, removing gravel and other materials used to achieve 
a flatter driving surface. Negative impacts on the quality of the roads and campsites are 
compounded by the high velocities caused by the low infiltration rate and steep slopes of the site 
and the volume of stormwater during seasons with high levels of precipitation or snow melt. The 
beaches around the pond also wash out during storms (T. Chamberland, personal communication, 
September 18, 2015).  
The Treasure Valley Property is primarily natural land, and thus there is assumed to be 
minimal contamination from the majority of land uses. However, the waste management in the 
campsites include leachfields and various makeshift systems. These systems could lead to 
contamination at a surface and subsurface level and in turn make its way into Browning Pond due 
to stormwater (Treasure Valley Scout Reservation Site Visit, Oct. 9th 2015). For example, several 
campsites contain steel drums placed in the ground and filled with stone. This is where dishwater 
and cooking grease are disposed of. During storms the stormwater could wash some of this out 
and carry it downstream. Sediment is also relocated during storms, naturally travelling to lower 
ground and eventually making its way to the pond or the surrounding wetland area.  
The contaminants carried into Browning Pond via stormwater may contribute to high 
nutrient levels in the water and thus promote the growth of present invasive species, including 
milfoil, pond lily, and potentially algae, which will be discussed more in depth in Section 2.5.  
Browning Pond itself is divided between two towns, Oakham and Spencer, and is located 
in the Chicopee River Watershed, as can be seen Figure 3. The pond reaches a maximum depth of 
42 feet with an average depth of 16 feet (“Browning Pond,” 2011).  
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Figure 3: Map of Browning Pond (Massachusetts DEP, 2011) 
Additionally, concerns have been expressed about the presence of a large beaver habitat at the 
entrance of Browning Pond, which may alter the flow of water in the pond and potentially 
contribute to the growth of invasive species. 
 To date Treasure Valley has made several attempts to better manage the stormwater on 
site; however these attempts have been largely unsuccessful. Throughout the camp ditches have 
been dug and several culverts have been installed under roads as seen in Figure 4. 
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Figure 4: Culvert located on Treasure Valley Scout Reservation (MacLaren, Oct. 9th 2015) 
The ditches tend to run dry as stormwater often flows in the roadways. The culverts are successful 
to varying degrees. For example, those at the base of the valley that pour almost directly into 
Browning Pond are successful in diverting flow, but are not large enough for the flow received 
during periods of heavy precipitation and thus overflow, flooding the roads and washing them out 
further (Treasure Valley Scout Reservation Site Visit, Oct. 9th 2015). Culverts built farther up the 
valley walls experience conditions similar to the ditches; they receive some flow, but a large 
amount of stormwater follows an easier course downhill.   
 The Treasure Valley Scout Reservation is constantly seeking to provide campers with a 
positive experience. This includes improvements to the site to make things more efficient. They 
have many plans for the property in the future, some more tentative than others, including 
removing vegetation from a large portion of land by the waterfront in favor of a larger playing 
field than currently exists on site. Additionally, plans are underway to renovate the waterfront. 
This includes additional storage for boats, kayaks and canoes and a building with restrooms and 
showers. However, a drinking water well is located near the waterfront in East Camp where these 
renovations would take place and could be negatively impacted by the effects of installing a 
building producing wastewater as the property does currently not pump wastewater to alternative 
locations. The Treasure Valley staff are investigating sustainable and safe solutions that allow 
them to continuously improve the property while managing stormwater flow and water quality.  
2.3  Stormwater Best Management Practices 
Stormwater management has two main categories: water quality and water flow. Stormwater Best 
Management Practices (BMPs) are used to address all aspects of stormwater. When examining a smaller 
area, such as Treasure Valley, a variety of BMPs are available for consideration. Table 1 lists the BMPs 
outlined in the Massachusetts Stormwater Management Handbook, 2008. This section will look closely at 
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a select few stormwater BMPs that are applicable to Treasure Valley and discuss how those BMPs work 
and what is needed for them to be efficient. 
Table 15: Compilation of Structural Stormwater BMPs 
Pretreatment 
- Deep sump catch basin 
- Oil/Grit separators 
- Proprietary separators 
- Sediment forebays 
- Vegetated filter strips 
Treatment 
- Bioretention areas and rain gardens 
- Constructed stormwater wetlands 
- Extended dry detention basins 
- Proprietary media filters 
- Sand and organic filters 
- Wet basins 
Conveyance 
- Drainage channels 
- Grassed channel 
- Water quality swale 
Infiltration 
- Dry wells 
- Infiltration basins 
- Infiltration trenches 
- Leaching catch basins 
- Subsurface structures 
Other 
- Dry detention basin 
- Green roofs 
- Porous pavement 
- Rain barrels and cisterns 
2.3.1 Treatment 
 To address the quality of the stormwater runoff, several BMPs aimed at detaining pollutants in the 
runoff and improving the quality of the water through filtering. These BMPs include bioretention areas and 
rain gardens, constructed stormwater wetlands, extended dry detention basins, wet basins, and others listed 
 69 
 
in Table 1. In this section rain gardens and wet basins will be examined more closely due to their 
applicability to Treasure Valley.  
Rain gardens are frequently used in urban areas because they are smaller than other filtration BMPs 
as a depressed area in the land that collects the water and are effective at removing pollutants from industrial 
waste and stormwater (“Rain Gardens,” 2015). The depression is typically bowl shaped and about 6 – 24 
inches deep (“Rain Gardens”). The structure of the rain gardens allows for maximum infiltration into the 
soil and maximum filtration of the stormwater runoff. An important function of rain gardens is also to 
replenish the groundwater source with clean water. Figure 5 depicts a typical rain garden set up. 
 
Figure 5: Rain garden (City of Gallatin, TN “Stormwater,”2011) 
 Rain gardens also have an aesthetic appeal because there are many options of the plants to put in 
the garden. Plants that thrive in moist soils are optimal, however if the rain garden is located where droughts 
are frequent, some drought-tolerant plants also are beneficial to rain gardens. 
 Wet basins, also called wet ponds, are used to hold a permanent pool of water throughout the wet 
season and provide both retention and treatment of stormwater runoff (“Wet Detention Ponds,” 1999). The 
most important requirement in order to install a wet basin is the permeable land available. This is why 
highly urbanized areas of land do not commonly have a wet basin, however this is a useful tool for less 
urbanized/rural land. An installed wet basin will provide reduced potential for flooding and erosion 
downstream, as well as the removal of suspended solids, metals, and nutrients for improved water quality 
(“Wet Detention Ponds,” 1999). An example of a wet basin is shown in Figure 6. 
 70 
 
 
Figure 6: Wet Basin Design (Maryland Department of the Environment, 1986) 
There are a couple other restrictions when using wet basins. This first is that wet basins are not 
effective when used in arid climates. The water needed to fill the basin is considered not necessary when 
compared to the scarcity of water (“Wet Ponds,” 2014). Another concern when considering a wet basin is 
the location of stormwater hotspots, which are areas where the land use generates highly contaminated 
runoff (“Wet Ponds,” 2014). The wet basin can accept the contaminated stormwater runoff, but will need 
to be separated from the source of ground water to avoid contamination of the drinking water source. The 
wet basin requires regular maintenance in order to be working as effectively as possible, so it is important 
to maintin the upkeep of the basin (“Wet Detention Ponds,” 1999). This maintenance will prevent the 
resuspension of trapped sediments, which requires the bottom of the pond to be removed every two to five 
years (“Wet Detention Basins,” 1999). 
 The US EPA has outlined several factors to consider when examining a site for the installation of 
a wet basin (“Wet Ponds,” 2014): 
5. The drainage area must be suffiecient enough to maintain the permeable pool. 
6. The upstream slope can be a maximum of 15%, and it is recommended that the local slope be 
relatively shallow. 
7. Wet basins do not require a specific type of soil. 
8. The wet basin may intersect with the ground water table, however pollutant removal is diminished 
if this is the primary source of the water in the pool. 
2.3.2 Conveyance 
 In an effort to address the erosion that accompanies stormwater runoff, conveyance BMPs are used. 
Drainage channels provide a non-erosive path for the stormwater flow through natural vegetated channels. 
The primary objective of drainage channels is to provide enough capacity to convey stormwater during 
storms to prevent erosion of the roads (Mass DEP, 2008). This goal differs from that of a water quality 
swale because drainage channels do not address the concern of water quality. Figure 7 outlays drainage 
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channel designs. After the channel has been installed, maintenance is fairly easy. Inspection of the channel 
is recommended twice a year to repair any damages (Mass DEP, 2008). It is not recommended to use 
drainage channels on slopes greater than 5% and damages to the channel could include erosion of the bottom 
(NC Stormwater BMP Manual, 2007). So while the channel will redirect the flow of stormwater so that 
there isn’t washout of the roads and paths, maintenance will require erosion correction of the channel itself. 
 
Figure 7: Drainage channel designs (Mass DEP, 2008) 
 
2.3.3 Infiltration  
 To address concerns of poor infiltration there are several BMPs that apply. The goal of these BMPs 
is to increase the amount of stormwater absorbed into the ground. Infiltration methods are closely related 
to soil type in order to maximize this absorption and reduce overall flow of the stormwater, however they 
have little impact on the direction and path of the flow. Some examples include a dry well and an infiltration 
trench, which will be examined more closely in this section due to the applicability of these methods to 
Treasure Valley. Other options for infiltration BMPs are listed in Table 1.  
The first stormwater BMP to be examined is a dry well. The US EPA defines a dry well as a “a 
well, other than an improved sinkhole or subsurface fluid distribution system, completed above the water 
table so that its bottom and sides are typically dry except when receiving fluids” (“Storm Water Drainage 
Wells,” 2013). The dry well will store stormwater runoff, typically from roofs, temporarily in a subsurface 
structure (New Jersey Best Management Practices Manual, 2004). Roofs are considered one of the top 
contributors to an increase in stormwater runoff for land development properties, and as such a dry well is 
used to manage the volume of stormwater flow. Figure 8 shows a typical dry well structure. 
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Figure 8: Dry well (New Jersey Best Management Practices Manual, 2004) 
 Installation of a dry well requires the soils to have a minimum saturated hydraulic conductivity 
based on the state location as well as an area designated for overflow ("Dry Well Fact Sheet,” n.d.) The 
size of the dry well will depend on the area contributing to the stormwater runoff.  
Another infiltration BMP is an infiltration trench. Infiltration trenches are a means of capturing the 
stormwater runoff due to increased impermeable surfaces (Maniquiz et. al., 2010). Infiltration trenches are 
effective at removing sediment from the stormwater and preventing the travel of sediment, which is a large 
concern for stormwater runoff. Figure 9 is a diagram of an infiltration trench. 
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Figure 9: Infiltration trench (“Stormwater Management Fact Sheet”) 
 Infiltration trenches would also decrease the runoff of stormwater into nearby surface waters. The 
infiltration trench is filled with a sand filter at the bottom in order to catch sediments. The majority of the 
infiltration trench is filled with stones and covered with a filter fabric and a layer of gravel. The water 
traveling through these layers will contain less total suspended solids. Compared to other BMPs, infiltration 
trenches have less regulated specification, leading contractors to use detention and retention basins, which 
have more specifications that provide a detailed guide to installation and expectations of the stormwater 
BMP, rather than install a stormwater BMP that is unfamiliar (Maniquiz et. al., 2010). 
2.3.4 Other Stormwater BMPs 
A detention basin is one of the most commonly used BMPs (“Dry Detention Ponds,” 2014). The 
basin holds stormwater runoff for a specified time to allow the particles to settle before the outlets drain the 
basin. The basin will not continuously have a pool of water, and is not considered to be especially efficient 
at pollutant removal as opposed to sediment removal. Detention basins require a large amount of space, and 
this constraint should also be considered when deciding to install one. Figure 10 shows a dry detention 
basin. 
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Figure 10: Dry detention pond (“Dry Detention Ponds,” 2014) 
 Dry detention ponds are compatible with almost all soil types, and should be used on properties of 
at least 10 acres (“Dry Detention Ponds,” 2014). Making sure the bottom of the basin doesn’t reach the 
groundwater table will eliminate any interaction the water in the basin has with the groundwater supply. 
Meeting all design requirements and recommendations, a detention basin can greatly reduce the peak rate 
of stormwater runoff. The longer the detention the larger the basin required. 
 Porous pavement is another alternative stormwater BMP. Developers can use porous pavement in 
an effort to decrease the percentage of impermeable surfaces – the pavement has more air voids to allow 
the water to seep through to the ground underneath, while at the same time providing water quality treatment 
(Mass DEP 2008). Because more of the stormwater can infiltrate the ground upon contact, there is less 
runoff flowing across the ground and into water bodies or sewer systems. Figure 11 shows the different 
layers in porous pavement. 
 
Figure 11: Porous pavement layers (Mass DEP, 2008) 
 Maintenance for porous pavement is slightly more involved than traditional stormwater BMPs. 
Because the pavement is more porous, the likelihood for clogging is high, requiring constant maintenance 
to keep the pavement unclogged. Using sand/salt in the winter on porous pavement is not allowed (Mass 
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DEP, 2008). The material used for the pavement can vary. Options include asphalt, concrete, and 
interlocking pavers, so the material that best suits the land is imperative (“Permeable Pavement,” 2015). 
The soil underneath the porous pavement is also a cause for concern in regards to compacting. The soil 
needs to maintain a certain level of permeability in order to remain effective (Mass DEP, 2008). 
2.4  Massachusetts Stormwater and Water Quality Rules and Regulations 
 Treasure Valley’s property is located within the boundaries of four different towns, which could 
influence the stormwater BMP selected based off regulations that need to be met.  In addition to the laws 
of Massachusetts, each town’s laws and regulations must be followed. The towns of Rutland, Paxton, 
Spencer, and Oakham all share a border on Treasure Valley property. When considering potential designs, 
the location of the design on the site will affect its parameters and permitting depending on the town it will 
be technically located. This section will outline the specific regulations of each town that Treasure Valley 
Scout Reservation is located in, as well as overall Massachusetts regulations that must be considered. 
2.4.1  Rutland 
 The town of Rutland requires that stormwater management systems are designed to handle at 
minimum a 100 year storm. No direct discharge of stormwater to water systems, in the case of Treasure 
Valley this would be Browning Pond, can be discharged without treatment. It is required that systems are 
designed to reduce suspended solids by at least 80% in order to prevent degradation of water bodies. The 
town of Rutland also requires street drainage to either adopt the manhole design or apply for a country 
drainage system. This country drainage system allows water to flow off the road into natural areas and is 
usually designed in conjunction with culverts and detention basins. The slope of the road must be less than 
5% and must be able to handle at least a 10 year storm (Town of Rutland). 
2.4.2  Paxton 
 The town of Paxton’s stormwater regulations follow the Massachusetts Stormwater Management 
Policy rather than creating several additional regulations. New development may not increase the amounts 
of stormwater compared to the predevelopment conditions. The Stormwater Authority for the town of 
Paxton will review all cases and enforce the standards. They also have a Stormwater credit system to create 
an incentive to use better stormwater management practices. If it is approved, then some of the requirements 
in the criteria section of Regulations may be reduced (Town of Paxton). 
2.4.3  Spencer 
 All stormwater discharges must follow the Massachusetts Stormwater Management Policy. Similar 
to Rutland, Spencer requires that if stormwater is directly discharged into a waterbody, it must be treated 
first. There must be a sediment and erosion plan implemented whenever there is construction. 10 year storm 
peak flowrate after construction must equal that of the area before construction and the 100 year storm will 
be analyzed as well. Also similar to Rutland, stormwater designs should remove at least 80% of total 
suspended solids. Water discharged to a swimming area may be subject to more stringent criteria and will 
be reviewed by the Planning Board of Spencer (Town of Spencer).  
2.4.4  Oakham 
 If there is construction, the conditions after the construction is completed the natural runoff will 
not be increased and neither will the rate of erosion. Construction within 100ft of wetlands needs a special 
permit and approval. Areas must be determined as safe from flooding and any building or construction 
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needs a flooding permit if it increases the volume of water. For the town of Oakham, a flood means any 
area that is overflowed with water from bodies of water or “the rapid accumulation of runoff or surface 
waters from any source” (Town of Oakham). 
2.5 Invasive Species 
 Browning Pond has a nuisance aquatic plant species invasion problem, specifically with 
myriophyllum heterophyllum (variable milfoil) and also suffers from an overpopulation of Nymphaea 
(waterlilies) and potentially pond algae. These invasions inhibit the recreational activity of the pond, 
degrade the water quality and are harmful to native aquatic life.  
2.5.1 Variable Milfoil 
Variable milfoil can grow up to 15 feet with densely packed feathered leaves and is very difficult 
to control. This plant can thrive in a wide range of water conditions including acidic or calcium-rich water 
bodies with largely varying temperatures (Robinson, 2002). In optimal conditions, milfoil may grow up to 
one inch per day. Milfoil is primarily transported as a stowaway on boats or trailers which is why it is most 
commonly found near boat launches. The submerged plant takes root in shallow areas, then reproduces 
through fragmentation and with seeds. The spread is rapid and the overbearing plant displaces native plant 
life in water bodies. (“Variable Milfoil,” 2010).  
In native waters, insects and fish act as predators that feed on the plant to control its growth, but in 
the United States the plant has no predators and thus nothing to control it. Variable Milfoil grows into dense 
mats that impede recreational uses and intercept sunlight, keeping it from the surrounding areas in a body 
of water. As the plant dies, it sinks to the bottom and decays, consuming large amounts of dissolved oxygen, 
depleting this source for other aquatic species, like native plants and fish. The dying plant also contributes 
to the level of sediment on the floor of a water body (Robinson, 2002).  
2.5.1.1 Variable Milfoil Treatment and Controls 
Benthic barriers restrict sunlight and the upward growth of plants by attempting to smother them 
in small areas, typically those surrounding swimming beaches and boat docks, however this method can 
have adverse effects on organisms living in the benthic zone of a water body (Robinson, 2002). Treatment 
for this plant is complex as there is no sure way to remove all fragments from the water, thus an integrated 
plant management (IPM) approach is best. Each individual infestation should be assessed, including the 
size and density, and a long-term management plan created. These plans can span for years and incorporate 
methods such as hand-pulling, suction harvesting, herbicide treatment and benthic barrier placement 
(“Variable Milfoil,” 2002).  
Common herbicidal treatments include Diquat and 2, 4-D. Diquat works quickly by interfering with 
photosynthesis, but it is non-selective and will kill essentially all plants that it comes in contact with. 
Additionally, laboratory tests have indicated that diquat can be harmful to amphipods and Daphnia which 
can adversely affect other aquatic species by default. Direct human exposure to diquat can cause severe 
skin and eye irritation and is toxic if absorbed through the skin, inhaled or swallowed. Water bodies treated 
with diquat can be used for recreational uses, a source of fish for food, and even drinking water, within a 
couple of days of treatment, but because diquat binds with the organic matter in sediment it will be present 
indefinitely (“Diquat Chemical Fact Sheet,” 2012).  
2, 4-D is an auxin-type herbicide that mimics auxin to plants, causing abnormally rapid cell growth 
and eventually blocking their vascular transport systems.  This herbicide can cause blood, liver, and kidney 
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toxicity, as well as damage to the human nervous system, such as inflamed nerve endings, stiffness of limbs, 
coma, or even death. In its acid, salt and ester forms, 2, 4-D has a short half-life of approximately one to 
three weeks when applied to surface water bodies, however in anaerobic aquatic conditions the half-life 
increases to between 41 and 333 days. This could be harmful in wetland areas, especially those under 
conservation. 2, 4-D residue can be found in sediment in water bodies for six months after treatment. In its 
ester form it can be very toxic to freshwater invertebrates, aquatic plants and could have adverse effects on 
endangered species (“Chemical Watch Factsheet” 2, 4-D,” n.d.). This is critical in considering the treatment 
of invasive species in Browning Pond as it is the habitat of the Bridle Shiner, which is on Massachusetts’ 
Endangered Species List.  
2.5.2 Water Lilies and Pond Algae 
 Water lilies can expand and overpower native plants by blocking sunlight. If contained in a small 
area, the threat can be mitigated by manual removal, however the entire underground tuber must be removed 
in order for this method to be successful. Stray tubers that are not entirely removed may take root in new 
locations and regrow via fragmentation, just as milfoil does. It can be treated with the aquatic herbicides 
previously described (Non-native Waterlilies,” n.d.).  
 Pond algae begins growing at a pond’s edge at the floor and eventually raises to the surface as a 
large bubble-filled mass upon maturity. This bubble is commonly known as “pond scum”. Once the trapped 
oxygen is allowed to escape, for example during a rain storm, the algae sinks back down until sufficient 
oxygen is once again trapped, pushing the filaments to the surface. In small amounts the algae can act as a 
cover for small aquatic insects and species on the floor of water body. However, algae thrives in waters 
with high nutrient levels and in excessive amounts can deplete the dissolved oxygen in a water body. Unlike 
variable milfoil and water lilies, algae can be racked or seined from a body of water, but can also be treated 
with algaecides or herbicides. Also unlike milfoil and water lilies, algae can be consumed by certain aquatic 
species, but this is not a preferred food choice nor a reliable method of control for algae (“Weed Info,” 
2015).  
2.6 Geographical Data Management and Hydrologic Modeling 
2.6.1 GIS Mapping 
 Geographic Information System (GIS) is a computer system used to display geographic layers of a 
property. GIS uses this computer system to capture, store, analyze, and display the information, and can 
relate the information from a spatial context to expose relationships (“Geographic Information Systems,” 
2007). For instance, a road may also be the boundary between rural and commercial land use areas, and the 
GIS mapping system will show that. There are many different layers that can be applied when using GIS 
to focus the context of the map being produced. The Environmental Systems Research Institute (ESRI) is 
the international supplier of GIS software (ESRI, 2015). Important layers related to stormwater 
management include soils, slopes, land use, land type, and much more. Massachusetts uses MassGIS, which 
stores information only in regards to Massachusetts and is accessible publicly. 
2.6.2 HydroCAD 
 HydroCAD is a computer aided design tool used to model stormwater runoff. The hydrographs are 
computed using the SCS runoff equation, and HydroCAD can also produce routes flows through channel 
reaches and reservoirs, and can combines hydrographs at confluences of the watershed stream system. 
There is also the option to simulate backwater conditions by defining the backwater elevation prior to 
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simulating a rainfall event (“HydroCAD Stormwater Modeling”). The main use of this software for this 
project will be to determine flow rates of the stormwater at Treasure Valley and produce hydrographs to 
help evaluate the behavior of the stormwater. 
2.7 Conclusion 
 Information gathered on Treasure Valley Scout Reservation, stormwater BMPs, and regulations 
will be used when drafting potential solution designs and regulations. It is important to understand each 
aspect of Treasure Valley, and what will happen if certain courses of action are taken over others. It is 
intended to use all the best software and equipment that is available in order to complete this project, and 
that includes a full and rich knowledge of the present situation.  
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3.0 Methods 
With the ultimate goal of improving Stormwater management and water quality on the Treasure 
Valley Scout Reservation, several objectives were identified and are listed below. 
4. Reduce the flooding and washout of roads and campsites. 
5. Control stormwater quality and flow into Browning Pond. 
6. Provide a series of recommendations to sustainably divert stormwater flow. 
The necessary tasks that will be completed in this MQP, as well as their execution, are detailed in this 
section. These tasks are as follows: 
 Perform literature review on current management practices at Treasure Valley, research already 
conducted on topics associated with the project, and topics that come up as the project proceeds 
 Assess the property for areas of use that exhibit erosion and/or low infiltration consistently or only 
during storms  
 Determine water quality of Stormwater and Browning Pond via field observations and lab testing 
o Locate inflows to Browning Pond caused by stormwater and other natural inflows such as 
streams 
o Determine water quality of the inflows to Browning Pond 
o Determine water quality of Browning Pond 
 Determine water quality of Stormwater and Browning Pond using geographical data management 
and hydrologic modeling 
o Determine land uses for surrounding areas, soil types and slopes using GIS software 
o Track flow of stormwater using HydroCAD 
o Model contaminant concentration over time and based on location using HydroCAD 
 Create stormwater best management practice for Treasure Valley Scout Reservation 
o Provide a land management plan including use of vegetation, landscaping and structural 
components  
These objectives will be accomplished through tasks that rely on various lab tests, field work, and software 
modeling and mapping. The timeline for this project is shown in Figure 12.  
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Figure 12: Gantt chart describing timeline of project 
After completing these tasks, all components will be compiled into a written report. Potential solutions will 
be evaluated and the best option for Treasure Valley will be selected that satisfies their needs with the 
minimum monetary and maintenance commitment. The recommendation will likely include: designs for 
BMPs, land management suggestions, and recommendations for water quality improvement tailored to 
Treasure Valley Scout Reservation. 
3.1 Literature Review  
 To develop a project goal, objectives, and deliverables background information was gathered on 
the following topics: 
 Treasure Valley and current practices 
 Stormwater BMPs for rural, natural properties like Treasure Valley 
 Software systems like HydroCAD that can aid in modeling the flow on the property 
 Previous MQP work related to Treasure Valley itself as well as relating to stormwater management 
plans in general 
The background research conducted at the beginning of this project was used to focus observations and 
sampling while at Treasure Valley to gain only necessary and relative information. Throughout this project 
more research will be conducted as it is seen fit in order to properly evaluate potential solutions. Questions 
to explore include: 
 What is the current stormwater management plan at Treasure Valley? 
 What are the regulations relating to installing a new BMP in Rutland? 
 What stormwater BMPs provide a solution to the stormwater issues at Treasure Valley? 
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 What stormwater BMPs are suitable for the Treasure Valley property? 
The answers to these questions will provide a sense of direction when determining where to sample and 
which stormwater BMPs are relevant. Answering these questions will also lead to more that will aid in 
providing a complete set of recommendations to Treasure Valley. 
3.2 Wet Condition Observations 
 Two site visits to Treasure Valley in late September and early October revealed key areas to sample 
and observe during wet conditions. One main criteria to observe is the erosion of the roads and campsites 
on the east and west camps and the stormwater flow paths leading into and out of Browning Pond. The 
stormwater flow through the roads and campsites that is causing erosion could also be carrying the eroded 
sediment into Browning Pond and decreasing the overall water quality of the pond. The stormwater flow 
through the campsites and on the roads will be observed to determine the locations of wash out in order to 
determine the path and velocity of the stormwater to develop stormwater control recommendations.  
Major and minor inflows into the pond both during storm events and periods of dry weather will 
be identified for stormwater quality sampling. At the first site visit in late September one major inflow 
during a period of dry weather was identified. Future visits will be used to document the inlets qualitatively 
through notes and pictures. This information will help determine key places in the property for long-term 
observation and water quality sampling. The results of the water quality tests will determine if more 
sampling is required in a certain inlet to accurately identify the source of any and all pollution.  
Stormwater management techniques currently in place will be evaluated for effectiveness by 
observation and through laboratory testing of water samples. The parameters that will be tested can be 
found in detail in section 3.3.2. The effective techniques can be identified for potential improvement and 
the techniques that are not effective can be identified for complete change. This will specifically focus on 
culverts and man-made ditches, to determine if shifting the location of a land management practice will 
improve the quality of its effectiveness.  
3.3 Water Quality of Stormwater and Browning Pond 
 The quality of the stormwater and inlets to Browning Pond, as well as Browning Pond itself, will 
be tested for dissolved oxygen, total suspended solids, turbidity, pH, nitrogen and phosphorus 
concentration, and total and fecal coliforms. Several methods will be used for these tests. Exact testing 
methods are detailed below. 
3.3.1 Sampling Locations and Criteria 
The inflows into Browning Pond will be sampled during wet conditions and the same locations 
during dry weather (assuming that there is water to sample) for comparison, as well as Browning Pond 
itself. If an issue that is present during both conditions is identified, for example the presence of coliforms, 
then the source likely extends beyond transport in stormwater and recommendations can be made that 
further actions be taken to explore the cause. All sampling will be done in accordance with the USGS 
National Field Manual for the Collection of Water-Quality Data (US Geological Survey, October 2015). 
The number of samples outside of Browning Pond to be collected depends on the number of inflows 
that are determined to be influential and the amount of time that it takes to complete each sample. At the 
present, one sample will be collected every 30 minutes from each flow location for as much of a storm as 
possible to track the contaminant levels as accurately as possible. This will be to provide comprehensive 
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samples that can be used to accurately track contamination levels that can be compared to rainfall and 
stormwater flowrates. A rain gauge or weather station will be used to determine the total rainfall.  
Flowrate will be determined in areas of sufficient flow through use of a dye. A slug of potassium 
permanganate dye will be injected into the channel at a starting point. The amount of time necessary for the 
slug to reach the set finish point will be timed. This will be multiplied by the cross-sectional area of the 
channel to determine the flow (US EPA, 1982).  
3.3.2 Testing Methods 
Below is a table containing the testing methods for each criteria, as well as the method used to 
perform the test. 
Table 2: Testing criteria and method for stormwater flows and Browning Pond 
Criteria Sampling Method 
Total Suspended Solids ESS Method 340.2 
Turbidity Standard Methods 2130  
pH Probe 
Total and Fecal Coliforms Bacteria Kit 
Nutrient Levels Ion Chromatography 
Once the samples are collected, lab tests will be executed for sediment by testing for Total 
Suspended Solids (TSS) by using ESS Method 340.2, Membrane Filtration. Using aseptic techniques, a 
filter membrane will be massed, then placed into a filter tower. Each sample will be added individually to 
the filter tower and vacuumed through. The membrane filter will then be massed again to determine the 
amount of total suspended solids present in each sample (US Environmental Protection Agency (EPA), 
June 1993).  
Turbidity will be tested using Standard Methods 2130. A small amount of each sample will be 
poured into a turbidity vial and the outside of the vial will be rinsed with reagent grade water to remove dirt 
or fingerprints. The vial will be placed in the turbidimeter and the instrument will produce a reading 
indicating the turbidity level of each sample (US EPA, June 2003).  
The pH of the water will be tested using a pH probe. The probe will be calibrated using three buffers 
with pHs of 4, 7, and 10. The probe will be immersed into the sample and the instrument will produce a 
reading of the pH of each sample (Accumet Basic AB15 User Manual, April 2010). 
Total and fecal coliforms will be tested for using a Bacteria Kit.  
The nutrient levels (nitrite, nitrate, chloride, bromide, fluoride, sulfate and ortho-phosphate-p) in 
the sample will be tested using ion chromatography. A small amount of each sample will be placed in the 
IC instrument and the instrument readings will be plotted against a calibration curve to determine the 
concentrations of the anions in each sample (Pfaff, August 1993).  
 The same tests will be performed on samples collected from Browning Pond and the inflows during 
dry conditions.   
 These lab tests and data samples will reveal the composition of the two streams entering Browning 
Pond, other inflows to the pond during wet conditions, outflows from the pond, and Browning Pond itself. 
These results will affect the scale and type of stormwater management plan that is designed for Treasure 
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Valley Scout Reservation. Some inflows to the pond may require minimal interference for stormwater 
management while others will require a larger scale project such as a culvert or detention pond.      
3.4 Geographical Data Use and Hydrologic Modeling 
HydroCAD will be used to model stormwater runoff in the property. This program aids in 
determining flowrates and volumes of stormwater during various storm conditions, e.g. 1 through 100 year 
storms. The data collected from the sampling methods above will be paired with the software and compiled 
into several hydrographs that will document the flowrate over time. Additionally, this will allow graphing 
of the contaminant levels with respect to flowrates as the storm progresses. This information could be useful 
in determining location and size requirements of culverts, ditches, detention basins, and rain gardens. 
GIS, specifically ArcMap, will be used to determine the topography and slopes of the Treasure 
Valley property. This information will be incorporated into the analysis of key places to sample. 
Furthermore, this information will assist in determining the most probable courses of flow for stormwater 
and the best course of action for each area.  
Because Treasure Valley is built into a valley, contamination from the land on the east and west 
banks will likely flow downhill, through the property and into Browning Pond. The area surrounding 
Treasure Valley is therefore a large potential source of contamination.  ArcMap will assist in determining 
the uses of that surrounding land, as well as the uses of the land upstream of the river that pools into 
Browning Pond. ArcMap will also be used to determine the potential contamination sources, such as paved 
roads or any industrial uses. The software system HydroCAD will be used to determine the velocity of the 
flow over the Treasure Valley property during storms and drought. Information regarding the surrounding 
area will be taken into consideration when the software makes this calculation.   
3.6 Best Management Practices Design  
Upon completion of the data collection and analysis the appropriate initial stormwater management 
solutions will be designed. The solution designs will first be developed based on the results from the lab 
analysis, then these designs will be evaluated for sustainability and feasibility at Treasure Valley. The 
sustainability of the proposed designs will be evaluated using the ArcMap and HydroCAD maps and models 
to make sure no designs are installed on unstable or steeply sloped grounds where the effectiveness of the 
design proposed will be compromised. The solution will further be evaluated by looking at several 
constraints, including cost, feasibility, and maintenance, to determine the best design for each problem to 
be addressed. Low maintenance and low cost solutions will be preferred but other options will be outlined 
as well, depending on the severity of the water quality problem in Browning Pond. These plans will include 
locations and sizes for stormwater management techniques, including physical structures (culverts, ditches, 
retention basins, rain gardens) as well as land management suggestions (increasing vegetation growth, 
proper care of property). Additionally these plans will include recommendations for materials that could be 
used to fill the roads, such as gravel or pavement, to reduce erosion from stormwater or manage the flow 
paths during storms.  
One probable structural design solution involves the inclusion of more culverts and repairs to 
existing culverts. After the first site visit it was noted that at least one culvert is in need of replacement due 
to its poor condition. And the washout of several roads suggests that more culverts would be helpful in 
reducing the washout by directing the stormwater flow beneath the road. If it is deemed necessary and 
feasible for the installation of several culverts across the property, this MQP will design and evaluate the 
potential for one to several culverts. The locations on site that need a culvert will be identified using the 
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relative flows and contamination. The size of the culvert would depend on the data gathered describing the 
flows and volume from GIS and HydroCAD. When examining culverts in need of replacement, any 
adjustments to the original culvert design will be considered. For example if having two smaller culverts 
instead of one large culvert would be more efficient at a location, then instead of replacing the existing 
large culvert with the same design, it will be taken out and two smaller culverts will be put in. 
 All stormwater BMPs listed in the Background chapter will be explored for their use at Treasure 
Valley to determine which one(s) work best and are easiest for Treasure Valley to maintain. The 
recommended solutions will be sustainable at the very least, in an effort to provide a design that is worth 
an investment. These designs will incorporate cost analyses including initial installation or construction 
costs, maintenance costs and expected life spans. The design option that is felt to be most appropriate for 
the Treasure Valley Scout Reservation as a whole will be recommended, taking into consideration their 
possible financial investment into the mitigation of their stormwater management problem, the feasibility 
of dedicating land to infiltration or directing water flow, and the overall effectiveness of the plans.  
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Appendix A: Map of Treasure Valley Scout Reservation 
 
Source: Treasure Valley Scout Reservation. (n.d.). Retrieved October 9, 2015, from http://www.mohegancouncilbsa 
.org/treasure-valley- scout-reservation/ 
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Appendix B: Map of Treasure Valley Scout Reservation 
 
Source: Treasure Valley Scout Reservation. (n.d.). Retrieved October 9, 2015, from http://www.mohegancouncilbsa 
.org/treasure-valley- scout-reservation/  
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Appendix C: Sample Field Report 
 
Field Report 
Personnel:  
Date:  
Time:  
General Notes: 
 
Sample #1 
Location:  
Sample size:  
Notes:  
 
 
 
 
Sample #2 
Location:  
Sample size:  
Notes:  
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Appendix D: TR-55 Example 
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Appendix E: TR-55 Excel Worksheets 
Worksheet 2  
Runoff Curve 
Number         
Group 
Cover 
Description CN Area CN*Area     
1 wood-grass, fair 76 2.82 214.32  
Weighted 
CN   
2 wood-grass, fair 76 17.61 1338.36  1,2,4 76  
3 wood-grass, fair 76 9.22 700.72  3,5 76  
4 wood-grass, fair 76 11.72 890.72  6 60  
5 wood-grass, fair 76 4.02 305.52  1a 68  
6 woods, fair 60 6.76 405.6     
1a pasture, poor 68 1.07 72.76     
         
Runoff         
Frequency  2 5 10 25 50 100 year 
Rainfall, P  3 4 4.5 5.5 6 6.5 inches 
Runoff, Q 
1,2,4 1.018 1.744 2.132 2.959 3.38 3.819 inches 
3,5 1.018 1.744 2.132 2.959 3.38 3.819 inches 
6 0.33 0.76 1.02 1.61 1.92 2.26 inches 
1a 0.63 1.21 1.534 2.255 2.626 3.019 inches 
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Worksheet 3 
  
Sheet Flow        
Segment ID 1 3 1a     
Surface Description woods-dense woods-dense grass-short     
Manning’s, n 0.800 0.800 0.150     
Flow Length, L 294.300 300.000 300.000 ft    
2 year rainfall, P 2.000 2.000 2.000 in    
Land Slope, s 0.084 0.063 0.037 ft/ft    
Tt 1.053 1.200 0.389 hr    
        
Shallow Concentrated Flow       
Segment ID 2 3 4 5 6 1a  
Surface Description Unpaved Unpaved Unpaved Unpaved Unpaved Unpaved  
Flow Length, L 918.900 595.000 989.400 434.600 1085.900 214.700 ft 
Watercourse Slope, s 0.031 0.063 0.077 0.078 0.150 0.037 ft/ft 
Av. Velocity, V 2.800 4.200 4.400 4.600 6.300 3.200 ft/s 
Tt 0.091 0.039 0.062 0.026 0.048 0.019 hr 
        
 1,2,4 3,5 6 1a 1,2,4,6 3,5,6  
Total Tc 1.206 1.265 0.048 0.408 1.254 1.313 hr 
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Worksheet 4 1,2,4 3,5 6 1a      
Drainage Area, Am 0.050 0.021 0.011 0.002 sq. miles    
CN 76 76 60 68      
Tc 1.206 1.265 0.048 0.408 hr     
Rainfall 
Distribution III III III III      
Pond/Swamp Area 3 3 3 0 %     
 
Frequency yr 2 5 
Rainfall, P inches 3 4 
Segment  1,2,4 3,5 6 1a 1,2,4 3,5 6 1a 
Initial Abstraction, 
Ia inches 0.632 0.632 1.333 0.941 0.632 0.632 1.333 0.941 
Ia/P  0.211 0.211 0.444 0.314 0.158 0.158 0.333 0.235 
Unit Peak 
Discharge, qu csm/in 245.000 240.000 350.000 375.000 260.000 250.000 600.000 400.000 
Runoff, Q inches 1.018 1.018 0.330 0.630 1.744 1.744 0.760 1.210 
Fp  0.750 0.750 0.750 1.000 0.750 0.750 0.750 1.000 
Peak Discharge qp ft3/s 9.397 3.791 0.915 0.395 17.084 6.765 3.612 0.809 
Frequency yr 10 25 
Rainfall, P inches 4.5 5.5 
Segment  1,2,4 3,5 6 1a 1,2,4 3,5 6 1a 
Initial Abstraction, 
Ia inches 0.632 0.632 1.333 0.941 0.632 0.632 1.333 0.941 
Ia/P  0.140 0.140 0.296 0.209 0.115 0.115 0.242 0.171 
Unit Peak 
Discharge, qu csm/in 263.000 255.000 650.000 410.000 265.000 257.000 670.000 420.000 
Runoff, Q inches 2.132 2.132 1.020 1.534 2.959 2.959 1.610 2.255 
Fp  0.750 0.750 0.750 1.000 0.750 0.750 0.750 1.000 
Peak Discharge qp ft3/s 21.125 8.435 5.252 1.052 29.543 11.799 8.545 1.583 
Frequency yr 50 100 
Rainfall, P inches 6 6.5 
Segment  1,2,4 3,5 6 1a 1,2,4 3,5 6 1a 
Initial Abstraction, 
Ia inches 0.632 0.632 1.333 0.941 0.632 0.632 1.333 0.941 
Ia/P  0.105 0.105 0.222 0.157 0.097 0.097 0.205 0.145 
Unit Peak 
Discharge, qu csm/in 270.000 260.000 680.000 425.000 272.000 262.000 690.000 430.000 
Runoff, Q inches 3.380 3.380 1.920 2.626 3.819 3.819 2.260 3.019 
Fp  0.750 0.750 0.750 1.000 0.750 0.750 0.750 1.000 
Peak Discharge qp ft3/s 34.383 13.635 10.343 1.866 39.136 15.525 12.353 2.170 
 99 
 
Worksheet 5a  
Storm Frequency: 2 Years          
Subarea 
Name 
Drainage 
Area, 
mi2 
Time of 
Conc. 
(hr) 
Travel 
Time 
through 
subarea, hr 
Down-
stream 
Subareas  
Sum of 
Travel 
Time, hr 
24 hour  
rainfall, 
in 
Runoff 
Curve # 
Runoff
, in 
AmQ, 
mi2-in 
Initial 
Abstraction, 
in Ia/P 
  Am Tc Tt   ΣTt P CN Q   Ia   
1,2,4 0.050 1.206 - 6 0.044 3 76 1.018 0.051 0.632 0.211 
3,5 0.021 1.265 - 6 0.044 3 76 1.018 0.021 0.632 0.211 
6 0.048 0.048 0.044 - 0.000 3 60 0.330 0.016 1.333 0.444 
1a 0.002 0.408 - - 0.000 3 68 0.630 0.001 0.941 0.314 
 
Storm Frequency: 10 Years          
1,2,4 0.050 1.206 - 6.000 0.044 4.500 76.000 2.132 0.107 0.632 0.140 
3,5 0.021 1.265 - 6.000 0.044 4.500 76.000 2.132 0.044 0.632 0.140 
6 0.048 0.048 0.044 - 0.000 4.500 60.000 1.020 0.049 1.333 0.296 
1a 0.002 0.408 - - 0.000 4.500 68.000 1.534 0.003 0.941 0.209 
 
Storm Frequency: 25 Years          
1,2,4 0.050 1.206 - 6.000 0.044 5.500 76.000 2.959 0.149 0.632 0.115 
3,5 0.021 1.265 - 6.000 0.044 5.500 76.000 2.959 0.061 0.632 0.115 
6 0.048 0.048 0.044 - 0.000 5.500 60.000 1.610 0.077 1.333 0.242 
1a 0.002 0.408 - - 0.000 5.500 68.000 2.255 0.004 0.941 0.171 
 
Storm Frequency: 50 Years          
1,2,4 0.050 1.206 - 6.000 0.044 6.000 76.000 3.380 0.170 0.632 0.105 
3,5 0.021 1.265 - 6.000 0.044 6.000 76.000 3.380 0.070 0.632 0.105 
6 0.048 0.048 0.044 - 0.000 6.000 60.000 1.920 0.092 1.333 0.222 
1a 0.002 0.408 - - 0.000 6.000 68.000 2.626 0.004 0.941 0.157 
 
Storm Frequency: 100 Years          
1,2,4 0.050 1.206 - 6.000 0.044 6.500 76.000 3.819 0.192 0.632 0.097 
3,5 0.021 1.265 - 6.000 0.044 6.500 76.000 3.819 0.079 0.632 0.097 
6 0.048 0.048 0.044 - 0.000 6.500 60.000 2.260 0.108 1.333 0.205 
1a 0.002 0.408 - - 0.000 6.500 68.000 3.019 0.005 0.941 0.145 
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Worksheet 5b 
Storm Frequency: 2 Years          Hydrograph Times 
Subarea 
Name 
Time of 
Conc. 
(hr) 
Sum of 
Travel 
Time 
AmQ 
Initial 
Abstrac-
tion 
Ia/P 12.0 12.1 12.2 12.3 12.4 12.5 12.6 12.7 12.8 
  Tc ΣTt   Ia         Discharge at time 
1,2,4 1.206 0.048 0.051 0.632 0.211 0.0 1.0 2.0 5.0 14.0 28.0 50.0 79.0 113.0 
used 1.250 0.100     0.300 0.0 0.1 0.1 0.3 0.7 1.4 2.6 4.0 5.8 
3,5 1.265 0.048 0.021 0.632 0.211 0.0 1.0 2.0 5.0 14.0 28.0 50.0 79.0 113.0 
used 1.250 0.100     0.300 0.0 0.0 0.0 0.1 0.3 0.6 1.1 1.7 2.4 
6 0.048 0.000 0.016 1.333 0.444 0.0 107.0 226.0 282.0 258.0 209.0 155.0 130.0 123.0 
used 0.100 0.000     0.500 0.0 1.7 3.6 4.5 4.1 3.3 2.4 2.1 1.9 
1a 0.408 0.000 0.001 0.941 0.314 10.0 30.0 78.0 177.0 306.0 379.0 379.0 347.0 293.0 
used 0.400 0.000     0.300 0.0 0.0 0.1 0.2 0.3 0.4 0.4 0.4 0.3 
               
1,2,3,4,5      0.0 0.1 0.1 0.4 1.0 2.0 3.6 5.7 8.2 
1,2,3,4,5,6      0.0 1.8 3.7 4.8 5.1 5.3 6.1 7.8 10.1 
1-6,1a      0.0 1.8 3.8 5.0 5.4 5.7 6.5 8.1 10.4 
 
 
 
 
 
  
 13.0 13.2 13.4 13.6 13.8 14.0 14.3 14.6 15.0 15.5 16.0 16.5 17.0 17.5 18.0 
1,2,4 177.0 214.0 219.0 197.0 168.0 142.0 115.0 96.0 79.0 66.0 57.0 49.0 42.0 37.0 33.0 
used 9.1 10.9 11.2 10.1 8.6 7.3 5.9 4.9 4.0 3.4 2.9 2.5 2.1 1.9 1.7 
3,5 177.0 214.0 219.0 197.0 168.0 142.0 115.0 96.0 79.0 66.0 57.0 49.0 42.0 37.0 33.0 
used 3.7 4.5 4.6 4.1 3.5 3.0 2.4 2.0 1.7 1.4 1.2 1.0 0.9 0.8 0.7 
6 107.0 97.0 95.0 91.0 87.0 82.0 78.0 74.0 69.0 61.0 52.0 47.0 43.0 39.0 35.0 
used 1.7 1.5 1.5 1.4 1.4 1.3 1.2 1.2 1.1 1.0 0.8 0.7 0.7 0.6 0.6 
1a 187.0 133.0 105.0 90.0 82.0 77.0 69.0 63.0 58.0 51.0 44.0 38.0 34.0 30.0 27.0 
used 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 
                
1,2,3,4,5 12.8 15.5 15.8 14.2 12.1 10.3 8.3 6.9 5.7 4.8 4.1 3.5 3.0 2.7 2.4 
1,2,3,4,5,6 14.5 17.0 17.3 15.7 13.5 11.5 9.5 8.1 6.8 5.7 4.9 4.3 3.7 3.3 2.9 
1-6,1a 14.7 17.1 17.4 15.8 13.6 11.6 9.6 8.2 6.9 5.8 5.0 4.3 3.7 3.3 3.0 
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 19 20 22 26 
1,2,4 26 22 19 1 
used 1.3 1.1 1 0.1 
3,5 26 22 19 1 
used 0.5 0.5 0.4 0 
6 32 29 25 0 
used 0.5 0.5 0.4 0 
1a 23 21 17 0 
used 0 0 0 0 
1,2,3,4,5 1.9 1.6 1.4 0.1 
1,2,3,4,5,6 2.4 2 1.8 0.1 
1-6,1a 2.4 2.1 1.8 0.1 
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Storm Frequency: 10 Years    11.0 11.3 11.6 11.9 12.0 12.1 12.2 12.3 12.4 12.5 
  Tc ΣTt AmQ Ia Ia/P           
1,2,4 1.206 0.048 0.107 0.000 0.140 13.0 16.0 21.0 27.0 30.0 34.0 41.0 51.0 67.0 89.0 
used 1.250 0.100     0.100 1.4 1.7 2.2 2.9 3.2 3.6 4.4 5.5 7.2 9.5 
3,5 1.265 0.048 0.044 0.000 0.140 13.0 16.0 21.0 27.0 30.0 34.0 41.0 51.0 67.0 89.0 
used 1.250 0.100       0.6 0.7 0.9 1.2 1.3 1.5 1.8 2.2 3.0 3.9 
6 0.048 0.000 0.049 0.632 0.296 0.0 0.0 0.0 48.0 106.0 296.0 597.0 496.0 368.0 300.0 
used 0.100 0.000     0.300 0.0 0.0 0.0 2.3 5.2 14.5 29.2 24.2 18.0 14.7 
1a 0.408 0.000 0.003 0.632 0.209 0.0 0.0 0.0 2.0 10.0 30.0 78.0 177.0 306.0 379.0 
used 0.400 0.000     0.300 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.5 0.8 1.0 
1,2,4      1.4 1.7 2.2 2.9 3.2 3.6 4.4 5.5 7.2 9.5 
3,5      0.6 0.7 0.9 1.2 1.3 1.5 1.8 2.2 3.0 3.9 
1,2,3,4,5      2.0 2.4 3.2 4.1 4.5 5.1 6.2 7.7 10.1 13.5 
1,2,3,4,5,6      2.0 2.4 3.2 6.4 9.7 19.6 35.4 31.9 28.1 28.1 
1-6,1a      2.0 2.4 3.2 6.4 9.7 19.7 35.6 32.4 28.9 29.1 
 12.6 12.7 12.8 13.0 13.2 13.4 13.6 13.8 14.0 14.3 14.6 15.0 15.5 16.0 
               
1,2,4 118.0 152.0 188.0 243.0 261.0 243.0 204.0 164.0 133.0 100.0 79.0 61.0 48.0 40.0 
used 12.6 16.3 20.1 26.0 28.0 26.0 21.8 17.6 14.2 10.7 8.5 6.5 5.1 4.3 
3,5 118.0 152.0 188.0 243.0 261.0 243.0 204.0 164.0 133.0 100.0 79.0 61.0 48.0 40.0 
used 5.2 6.7 8.3 10.7 11.5 10.7 9.0 7.2 5.9 4.4 3.5 2.7 2.1 1.8 
6 221.0 155.0 125.0 106.0 89.0 83.0 79.0 74.0 69.0 62.0 59.0 54.0 47.0 40.0 
used 10.8 7.6 6.1 5.2 4.3 4.1 3.9 3.6 3.4 3.0 2.9 2.6 2.3 2.0 
1a 379.0 347.0 293.0 187.0 133.0 105.0 90.0 82.0 77.0 69.0 63.0 58.0 51.0 44.0 
used 1.0 0.9 0.8 0.5 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.1 0.1 0.1 
1,2,4 12.6 16.3 20.1 26.0 28.0 26.0 21.8 17.6 14.2 10.7 8.5 6.5 5.1 4.3 
3,5 5.2 6.7 8.3 10.7 11.5 10.7 9.0 7.2 5.9 4.4 3.5 2.7 2.1 1.8 
1,2,3,4,5 17.8 23.0 28.4 36.7 39.5 36.7 30.8 24.8 20.1 15.1 11.9 9.2 7.3 6.0 
1,2,3,4,5,6 28.6 30.6 34.5 41.9 43.8 40.8 34.7 28.4 23.5 18.1 14.8 11.9 9.6 8.0 
1-6,1a 29.6 31.4 35.3 42.4 44.2 41.1 34.9 28.6 23.7 18.3 15.0 12.0 9.7 8.1 
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 16.5 17.0 17.5 18.0 19.0 20.0 22.0 26.0 
1,2,4 34.0 29.0 25.0 22.0 17.0 15.0 12.0 1.0 
used 3.6 3.1 2.7 2.4 1.8 1.6 1.3 0.1 
3,5 34.0 29.0 25.0 22.0 17.0 15.0 12.0 1.0 
used 1.5 1.3 1.1 1.0 0.7 0.7 0.5 0.0 
6 35.0 32.0 28.0 25.0 22.0 20.0 17.0 0.0 
used 1.7 1.6 1.4 1.2 1.1 1.0 0.8 0.0 
1a 38.0 34.0 30.0 27.0 23.0 21.0 17.0 0.0 
used 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 
1,2,4 3.6 3.1 2.7 2.4 1.8 1.6 1.3 0.1 
3,5 1.5 1.3 1.1 1.0 0.7 0.7 0.5 0.0 
1,2,3,4,5 5.1 4.4 3.8 3.3 2.6 2.3 1.8 0.2 
1,2,3,4,5,6 6.9 5.9 5.1 4.5 3.6 3.2 2.6 0.2 
1-6,1a 6.9 6.0 5.2 4.6 3.7 3.3 2.7 0.2 
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 12.6 12.7 12.8 13.0 13.2 13.4 13.6 13.8 14.0 14.3 14.6 15.0 15.5 16.0 
               
1,2,4 118.0 152.0 188.0 243.0 261.0 243.0 204.0 164.0 133.0 100.0 79.0 61.0 48.0 40.0 
used 17.5 22.6 27.9 36.1 38.8 36.1 30.3 24.4 19.8 14.9 11.7 9.1 7.1 5.9 
3,5 118.0 152.0 188.0 243.0 261.0 243.0 204.0 164.0 133.0 100.0 79.0 61.0 48.0 40.0 
used 7.2 9.3 11.5 14.9 16.0 14.9 12.5 10.0 8.1 6.1 4.8 3.7 2.9 2.4 
6 221.0 155.0 125.0 106.0 89.0 83.0 79.0 74.0 69.0 62.0 59.0 54.0 47.0 40.0 
used 17.0 11.9 9.6 8.2 6.9 6.4 6.1 5.7 5.3 4.8 4.5 4.2 3.6 3.1 
1a 417.0 345.0 274.0 162.0 108.0 82.0 68.0 61.0 57.0 50.0 45.0 41.0 35.0 30.0 
used 1.6 1.3 1.0 0.6 0.4 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.1 0.1 
               
1,2,3,4,5 24.8 31.9 39.5 51.0 54.8 51.0 42.8 34.4 27.9 21.0 16.6 12.8 10.1 8.4 
1,2,3,4,5,6 41.8 43.8 49.1 59.2 61.6 57.4 48.9 40.1 33.2 25.8 21.1 17.0 13.7 11.5 
1-6,1a 43.4 45.1 50.1 59.8 62.0 57.7 49.2 40.4 33.4 26.0 21.3 17.1 13.8 11.6 
Storm Frequency: 25 Years    11.0 11.3 11.6 11.9 12.0 12.1 12.2 12.3 12.4 12.5 
  Tc ΣTt AmQ Ia Ia/P           
1,2,4 1.206 0.048 0.149 0.632 0.115 13.0 16.0 21.0 27.0 30.0 34.0 41.0 51.0 67.0 89.0 
used 1.250 0.100     0.100 1.9 2.4 3.1 4.0 4.5 5.1 6.1 7.6 10.0 13.2 
3,5 1.265 0.048 0.061 0.632 0.115 13.0 16.0 21.0 27.0 30.0 34.0 41.0 51.0 67.0 89.0 
used 1.250 0.100     0.100 0.8 1.0 1.3 1.7 1.8 2.1 2.5 3.1 4.1 5.4 
6 0.048 0.000 0.077 1.333 0.242 0.0 0.0 0.0 48.0 106.0 296.0 597.0 496.0 368.0 300.0 
used 0.100 0.000     0.300 0.0 0.0 0.0 3.7 8.2 22.8 46.0 38.2 28.4 23.1 
1a 0.408 0.000 0.004 0.941 0.171 23.0 29.0 39.0 65.0 91.0 132.0 198.0 308.0 422.0 449.0 
used 0.400 0.000     0.100 0.1 0.1 0.1 0.2 0.3 0.5 0.7 1.2 1.6 1.7 
                
1,2,3,4,5      2.7 3.4 4.4 5.7 6.3 7.1 8.6 10.7 14.1 18.7 
1,2,3,4,5,6      2.7 3.4 4.4 9.4 14.5 30.0 54.6 48.9 42.4 41.8 
1-6,1a      2.8 3.5 4.6 9.6 14.8 30.5 55.4 50.1 44.0 43.5 
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 16.5 17.0 17.5 18.0 19.0 20.0 22.0 26.0 
         
1,2,4 34.0 29.0 25.0 22.0 17.0 15.0 12.0 1.0 
used 5.1 4.3 3.7 3.3 2.5 2.2 1.8 0.1 
3,5 34.0 29.0 25.0 22.0 17.0 15.0 12.0 1.0 
used 2.1 1.8 1.5 1.3 1.0 0.9 0.7 0.1 
6 35.0 32.0 28.0 25.0 22.0 20.0 17.0 0.0 
used 2.7 2.5 2.2 1.9 1.7 1.5 1.3 0.0 
1a 25.0 22.0 20.0 18.0 15.0 13.0 11.0 0.0 
used 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 
         
1,2,3,4,5 7.1 6.1 5.2 4.6 3.6 3.1 2.5 0.2 
1,2,3,4,5,6 9.8 8.6 7.4 6.5 5.3 4.7 3.8 0.2 
1-6,1a 9.9 8.6 7.5 6.6 5.3 4.7 3.9 0.2 
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 12.6 12.7 12.8 13.0 13.2 13.4 13.6 13.8 14.0 14.3 14.6 15.0 15.5 16.0 
               
1,2,4 118.0 152.0 188.0 243.0 261.0 243.0 204.0 164.0 133.0 100.0 79.0 61.0 48.0 40.0 
used 20.0 25.8 31.9 41.3 44.3 41.3 34.6 27.8 22.6 17.0 13.4 10.4 8.2 6.8 
3,5 118.0 152.0 188.0 243.0 261.0 243.0 204.0 164.0 133.0 100.0 79.0 61.0 48.0 40.0 
used 8.3 10.6 13.1 17.0 18.3 17.0 14.3 11.5 9.3 7.0 5.5 4.3 3.4 2.8 
6 221.0 155.0 125.0 106.0 89.0 83.0 79.0 74.0 69.0 62.0 59.0 54.0 47.0 40.0 
used 20.3 14.2 11.5 9.7 8.2 7.6 7.3 6.8 6.3 5.7 5.4 5.0 4.3 3.7 
1a 417.0 345.0 274.0 162.0 108.0 82.0 68.0 61.0 57.0 50.0 45.0 41.0 35.0 30.0 
used 1.8 1.5 1.2 0.7 0.5 0.4 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.1 
               
1,2,3,4,5 28.3 36.4 45.1 58.3 62.6 58.3 48.9 39.3 31.9 24.0 18.9 14.6 11.5 9.6 
1,2,3,4,5,6 48.6 50.7 56.6 68.0 70.7 65.9 56.2 46.1 38.2 29.7 24.4 19.6 15.8 13.3 
1-6,1a 50.4 52.2 57.8 68.7 71.2 66.2 56.5 46.4 38.5 29.9 24.6 19.8 16.0 13.4 
Storm Frequency: 50 Years    11.0 11.3 11.6 11.9 12.0 12.1 12.2 12.3 12.4 12.5 
  Tc ΣTt AmQ Ia Ia/P           
1,2,4 1.206 0.048 0.170 0.632 0.105 13.0 16.0 21.0 27.0 30.0 34.0 41.0 51.0 67.0 89.0 
used 1.250 0.100     0.100 2.2 2.7 3.6 4.6 5.1 5.8 7.0 8.7 11.4 15.1 
3,5 1.265 0.048 0.070 0.632 0.105 13.0 16.0 21.0 27.0 30.0 34.0 41.0 51.0 67.0 89.0 
used 1.250 0.100     0.100 0.9 1.1 1.5 1.9 2.1 2.4 2.9 3.6 4.7 6.2 
6 0.048 0.000 0.092 1.333 0.222 0.0 0.0 0.0 48.0 106.0 296.0 597.0 496.0 368.0 300.0 
used 0.100 0.000     0.300 0.0 0.0 0.0 4.4 9.7 27.2 54.9 45.6 33.8 27.6 
1a 0.408 0.000 0.004 0.941 0.157 23.0 29.0 39.0 65.0 91.0 132.0 198.0 308.0 422.0 449.0 
used 0.400 0.000     0.100 0.1 0.1 0.2 0.3 0.4 0.6 0.9 1.4 1.9 2.0 
                
1,2,3,4,5      3.1 3.8 5.0 6.5 7.2 8.2 9.8 12.2 16.1 21.3 
1,2,3,4,5,6      3.1 3.8 5.0 10.9 16.9 35.4 64.7 57.8 49.9 48.9 
1-6,1a      3.2 4.0 5.2 11.2 17.3 35.9 65.6 59.2 51.7 50.9 
 16.5 17.0 17.5 18.0 19.0 20.0 22.0 26.0 
         
1,2,4 34.0 29.0 25.0 22.0 17.0 15.0 12.0 1.0 
used 5.8 4.9 4.2 3.7 2.9 2.5 2.0 0.2 
3,5 34.0 29.0 25.0 22.0 17.0 15.0 12.0 1.0 
used 2.4 2.0 1.7 1.5 1.2 1.0 0.8 0.1 
6 35.0 32.0 28.0 25.0 22.0 20.0 17.0 0.0 
used 3.2 2.9 2.6 2.3 2.0 1.8 1.6 0.0 
1a 25.0 22.0 20.0 18.0 15.0 13.0 11.0 0.0 
used 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 
         
1,2,3,4,5 8.2 7.0 6.0 5.3 4.1 3.6 2.9 0.2 
1,2,3,4,5,6 11.4 9.9 8.6 7.6 6.1 5.4 4.4 0.2 
1-6,1a 11.5 10.0 8.7 7.7 6.2 5.5 4.5 0.2 
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Storm Frequency: 100 Years    11.0 11.3 11.6 11.9 12.0 12.1 12.2 12.3 12.4 12.5 
  Tc ΣTt AmQ Ia Ia/P           
1,2,4 1.206 0.048 0.192 0.632 0.000 13.0 17.0 22.0 28.0 32.0 37.0 44.0 56.0 75.0 100.0 
used 1.250 0.100     0.100 2.5 3.3 4.2 5.4 6.1 7.1 8.4 10.7 14.4 19.2 
3,5 1.265 0.048 0.079 0.632 0.097 13.0 17.0 22.0 28.0 32.0 37.0 44.0 56.0 75.0 100.0 
used 1.250 0.100     0.100 1.0 1.3 1.7 2.2 2.5 2.9 3.5 4.4 5.9 7.9 
6 0.048 0.000 0.108 1.333 0.205 0.0 0.0 0.0 48.0 106.0 296.0 597.0 496.0 368.0 300.0 
used 0.100 0.000     0.300 0.0 0.0 0.0 5.2 11.5 32.0 64.6 53.7 39.8 32.5 
1a 0.408 0.000 0.005 0.941 0.145 23.0 29.0 39.0 65.0 91.0 132.0 198.0 308.0 422.0 449.0 
used 0.400 0.000     0.100 0.1 0.1 0.2 0.3 0.5 0.7 1.0 1.6 2.1 2.3 
                
1,2,3,4,5      3.5 4.6 6.0 7.6 8.7 10.0 11.9 15.2 20.3 27.1 
1,2,3,4,5,6      3.5 4.6 6.0 12.8 20.1 42.1 76.5 68.8 60.1 59.5 
1-6,1a      3.6 4.8 6.2 13.1 20.6 42.7 77.5 70.4 62.3 61.8 
 12.6 12.7 12.8 13.0 13.2 13.4 13.6 13.8 14.0 14.3 14.6 15.0 15.5 16.0 
               
1,2,4 133.0 170.0 206.0 255.0 264.0 236.0 194.0 155.0 125.0 95.0 75.0 59.0 47.0 39.0 
used 25.5 32.6 39.5 48.9 50.6 45.3 37.2 29.7 24.0 18.2 14.4 11.3 9.0 7.5 
3,5 133.0 170.0 206.0 255.0 264.0 236.0 194.0 155.0 125.0 95.0 75.0 59.0 47.0 39.0 
used 10.5 13.4 16.3 20.1 20.9 18.6 15.3 12.2 9.9 7.5 5.9 4.7 3.7 3.1 
6 221.0 155.0 125.0 106.0 89.0 83.0 79.0 74.0 69.0 62.0 59.0 54.0 47.0 40.0 
used 23.9 16.8 13.5 11.5 9.6 9.0 8.5 8.0 7.5 6.7 6.4 5.8 5.1 4.3 
1a 417.0 345.0 274.0 162.0 108.0 82.0 68.0 61.0 57.0 50.0 45.0 41.0 35.0 30.0 
used 2.1 1.7 1.4 0.8 0.5 0.4 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.2 
               
1,2,3,4,5 36.0 46.0 55.8 69.1 71.5 63.9 52.5 42.0 33.9 25.7 20.3 16.0 12.7 10.6 
1,2,3,4,5,6 59.9 62.8 69.3 80.5 81.1 72.9 61.1 50.0 41.3 32.4 26.7 21.8 17.8 14.9 
1-6,1a 62.0 64.6 70.7 81.4 81.7 73.3 61.4 50.3 41.6 32.7 26.9 22.0 18.0 15.0 
 16.5 17.0 17.5 18.0 19.0 20.0 22.0 26.0 
         
1,2,4 33.0 28.0 24.0 22.0 17.0 14.0 12.0 1.0 
used 6.3 5.4 4.6 4.2 3.3 2.7 2.3 0.2 
3,5 33.0 28.0 24.0 22.0 17.0 14.0 12.0 1.0 
used 2.6 2.2 1.9 1.7 1.3 1.1 0.9 0.1 
6 35.0 32.0 28.0 25.0 22.0 20.0 17.0 0.0 
used 3.8 3.5 3.0 2.7 2.4 2.2 1.8 0.0 
1a 25.0 22.0 20.0 18.0 15.0 13.0 11.0 0.0 
used 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 
         
1,2,3,4,5 8.9 7.6 6.5 6.0 4.6 3.8 3.3 0.3 
1,2,3,4,5,6 12.7 11.0 9.5 8.7 7.0 6.0 5.1 0.3 
1-6,1a 12.9 11.2 9.6 8.8 7.1 6.0 5.1 0.3 
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Appendix F: Culvert Design Excel Tables 
The cells with red text indicate no net head loss. The cells highlighted in yellow correspond to the conditions 
yielding no net head loss and were thus calculated accordingly. The cells highlighted in red indicate a 
headwater level that would flow over the road during the corresponding storm. 
14 foot culvert, 0.2% slope 
 
 
 
storm 
Runoff, 
Q 
friction coeff, 
n Slope,s AR^(2/3) 
TW depth, 
d A P 
hydraulic radius, 
r outlet el 
  cfs Concrete ft/ft  ft  ft2 ft ft ft 
2 17.423 0.012 0.002 3.138 0.603 4.826 9.207 0.524 747.000 
10 44.152 0.012 0.002 7.951 1.048 8.382 10.096 0.830 747.000 
25 62.041 0.012 0.002 11.173 1.375 11.002 10.750 1.023 747.000 
50 71.222 0.012 0.002 12.826 1.509 12.069 11.017 1.095 747.000 
100 81.680 0.012 0.002 14.709 1.655 13.242 11.310 1.171 747.000 
inlet el 
pipe 
length 
Tailwater 
el 
max HW 
el 
allowable 
H V ft/s 
ft ft Ft ft ft 
2' 
culvert 
3' 
culvert 
4' 
culvert 
747.082 41.000 747.603 753.082 5.479 5.546 2.465 1.386 
747.028 14.000 748.048 753.028 4.980 14.054 6.246 3.514 
747.028 14.000 748.375 753.028 4.653 19.748 8.777 4.937 
747.028 14.000 748.509 753.028 4.519 22.671 10.076 5.668 
747.028 14.000 748.655 753.028 4.373 26.000 11.555 6.500 
v ft/s 2 pipes 
V downstream 
of culvert 
V downstream 
2 pipes  Gravity,g  
entrance 
HLft   
1' each 1.5' each 2' each 2.5' each ft/s ft/s ke Ft/s2 2' culvert 3' culvert 
11.092 4.930 2.773 1.775 3.610 1.805 0.200 32.200 0.096 0.019 
28.108 12.493 7.027 4.497 5.267 2.634 0.200 32.200 0.613 0.121 
39.496 17.554 9.874 6.319 5.639 2.820 0.200 32.200 1.211 0.239 
45.341 20.152 11.335 7.255 5.901 2.950 0.200 32.200 1.596 0.315 
51.999 23.111 13.000 8.320 6.168 3.084 0.200 32.200 2.099 0.415 
entrance HLft       exit HL ft 
4' culvert 1' each 
1.5' 
each 2' each 
2.5' 
each 2' culvert 3' culvert 4' culvert 1' each 1.5' each 
2' 
each 2.5' each 
0.006 0.382 0.075 0.024 0.010 0.275 -0.108 -0.173 1.860 0.327 0.069 -0.002 
0.038 2.454 0.485 0.153 0.063 2.636 0.175 -0.239 12.160 2.316 0.659 0.206 
0.076 4.845 0.957 0.303 0.124 5.562 0.702 -0.115 24.100 4.661 1.390 0.497 
0.100 6.385 1.261 0.399 0.163 7.440 1.036 -0.042 31.787 6.171 1.860 0.682 
0.131 8.397 1.659 0.525 0.215 9.906 1.483 0.065 41.839 8.146 2.476 0.927 
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friction loss Total Headloss   
2' culvert 3' culvert 4' culvert 
1' 
each 1.5' each 
2' 
each 2.5' each 
2' 
culvert 
3' 
culvert 
4' 
culvert 
0.082 0.009 0.002 0.035 0.035 0.035 0.011 0.453 0.028 0.008 
0.525 0.060 0.013 0.226 0.226 0.226 0.069 3.775 0.357 0.051 
1.037 0.119 0.026 0.446 0.446 0.446 0.136 7.810 1.061 0.101 
1.367 0.157 0.034 0.588 0.588 0.588 0.179 10.403 1.508 0.134 
1.798 0.207 0.045 0.773 0.773 0.773 0.235 13.803 2.104 0.241 
Total Headloss     HW elevation max HW el 
1' each 1.5' each 2' each 
2.5' 
each 
2' 
culvert 
3' 
culvert 
4' 
culvert 1' each 
1.5' 
each 2' each 
2.5' 
each ft 
2.277 0.437 0.128 0.020 748.056 747.632 747.611 749.880 748.041 747.731 747.624 753.030 
14.840 3.026 1.038 0.338 751.823 748.404 748.099 762.888 751.074 749.086 748.386 753.030 
29.390 6.064 2.139 0.756 756.185 749.436 748.477 777.766 754.440 750.515 749.132 753.030 
38.760 8.020 2.847 1.024 758.912 750.017 748.642 787.269 756.528 751.356 749.533 753.030 
51.009 10.578 3.775 1.377 762.458 750.759 748.896 799.664 759.233 752.430 750.033 753.030 
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14 Foot culvert, 0.5% slope 
storm 
Runoff, 
Q 
friction coeff, 
n Slope,s AR^(2/3) 
TW depth, 
d A P 
hydraulic radius, 
r outlet el 
  cfs concrete ft/ft  ft  ft2 ft ft ft 
2 17.423 0.012 0.005 1.984 0.452 3.618 8.904 0.406 747.000 
10 44.152 0.012 0.005 5.029 0.815 6.521 9.630 0.677 747.000 
25 62.041 0.012 0.005 7.066 1.016 8.130 10.032 0.810 747.000 
50 71.222 0.012 0.005 8.112 1.112 8.899 10.225 0.870 747.000 
100 81.680 0.012 0.005 9.303 1.218 9.740 10.435 0.933 747.000 
  
inlet el 
pipe 
length 
Tailwater 
el 
max HW 
el 
allowable 
H V ft/s 
ft ft ft ft ft 
2' 
culvert 
3' 
culvert 
4' 
culvert 
747.070 14.000 747.452 753.070 5.618 5.546 2.465 1.386 
747.070 14.000 747.815 753.070 5.255 14.054 6.246 3.514 
747.070 14.000 748.016 753.070 5.054 19.748 8.777 4.937 
747.070 14.000 748.112 753.070 4.958 22.671 10.076 5.668 
747.070 14.000 748.218 753.070 4.852 26.000 11.555 6.500 
v ft/s 2 pipes 
V downstream 
of culvert 
V downstream 
2 pipes    Gravity entrance HLft 
1' each 1.5' each 2' each 2.5' each ft/s ft/s ke g 
2' 
culvert 
3' 
culvert 
11.092 4.930 2.773 1.775 4.816 2.408 0.200 32.200 0.096 0.019 
28.108 12.493 7.027 4.497 6.770 3.385 0.200 32.200 0.613 0.121 
39.496 17.554 9.874 6.319 7.631 3.816 0.200 32.200 1.211 0.239 
45.341 20.152 11.335 7.255 8.003 4.002 0.200 32.200 1.596 0.315 
51.999 23.111 13.000 8.320 8.386 4.193 0.200 32.200 2.099 0.415 
entrance HLft       exit HL ft 
4' culvert 1' each 
1.5' 
each 2' each 
2.5' 
each 
2' 
culvert 
3' 
culvert 
4' 
culvert 1' each 
1.5' 
each 
2' 
each 
2.5' 
each 
0.006 0.382 0.075 0.024 0.010 0.117 -0.266 -0.330 1.820 0.287 0.029 -0.041 
0.038 2.454 0.485 0.153 0.063 2.355 -0.106 -0.520 12.090 2.245 0.589 0.136 
0.076 4.845 0.957 0.303 0.124 5.151 0.292 -0.526 23.997 4.559 1.288 0.394 
0.100 6.385 1.261 0.399 0.163 6.986 0.582 -0.496 31.674 6.057 1.747 0.569 
0.131 8.397 1.659 0.525 0.215 9.405 0.981 -0.436 41.713 8.021 2.351 0.802 
                
assume 
negatives=0       
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friction loss Total Headloss   
2' culvert 3' culvert 4' culvert 1' each 1.5' each 2' each 2.5' each 2' culvert 3' culvert 4' culvert 
0.082 0.009 0.002 0.035 0.035 0.035 0.011 0.295 0.028 0.008 
0.525 0.060 0.013 0.226 0.226 0.226 0.069 3.494 0.182 0.051 
1.037 0.119 0.026 0.446 0.446 0.446 0.136 7.400 0.650 0.101 
1.367 0.157 0.034 0.588 0.588 0.588 0.179 9.949 1.054 0.134 
1.798 0.207 0.045 0.773 0.773 0.773 0.235 13.302 1.603 0.176 
Total Headloss     HW elevation max HW el 
1' each 1.5' each 2' each 
2.5' 
each 
2' 
culvert 
3' 
culvert 
4' 
culvert 1' each 
1.5' 
each 2' each 
2.5' 
each ft 
2.238 0.398 0.088 0.020 747.747 747.480 747.460 749.690 747.850 747.541 747.473 753.030 
14.770 2.956 0.968 0.268 751.309 747.997 747.867 762.585 750.771 748.783 748.083 753.030 
29.288 5.962 2.037 0.654 755.416 748.667 748.118 777.304 753.978 750.053 748.670 753.030 
38.647 7.906 2.734 0.911 758.061 749.167 748.246 786.759 756.019 750.846 749.023 753.030 
50.884 10.453 3.649 1.252 761.519 749.820 748.393 799.102 758.670 751.867 749.470 753.030 
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14 Foot culvert, 1% slope 
storm 
Runoff, 
Q 
friction coeff, 
n Slope,s AR^(2/3) 
TW depth, 
d A P 
hydraulic radius, 
r outlet el 
  cfs concrete ft/ft  ft  ft2 ft ft ft 
2 17.423 0.012 0.010 1.403 0.364 2.915 8.729 0.334 747.000 
10 44.152 0.012 0.010 3.556 0.653 5.225 9.306 0.561 747.000 
25 62.041 0.012 0.010 4.997 0.812 6.494 9.624 0.675 747.000 
50 71.222 0.012 0.010 5.736 0.887 7.099 9.775 0.726 747.000 
100 81.680 0.012 0.010 6.578 0.970 7.759 9.940 0.781 747.000 
 
   inlet el 
pipe 
length 
Tailwater 
el 
max HW 
el 
allowable 
H V ft/s 
ft ft ft ft Ft 
2' 
culvert 
3' 
culvert 
4' 
culvert 
747.140 14.000 747.364 753.140 5.776 5.546 2.465 1.386 
747.140 14.000 747.653 753.140 5.487 14.054 6.246 3.514 
747.140 14.000 747.812 753.140 5.328 19.748 8.777 4.937 
747.140 14.000 747.887 753.140 5.253 22.671 10.076 5.668 
747.140 14.000 747.970 753.140 5.170 26.000 11.555 6.500 
v ft/s 2 pipes 
V downstream 
of culvert 
V downstream 
2 pipes    Gravity entrance HLft 
1' each 1.5' each 2' each 2.5' each ft/s ft/s ke g 
2' 
culvert 
3' 
culvert 
11.092 4.930 2.773 1.775 5.977 2.988 0.200 32.200 0.096 0.019 
28.108 12.493 7.027 4.497 8.450 4.225 0.200 32.200 0.613 0.121 
39.496 17.554 9.874 6.319 9.553 4.776 0.200 32.200 1.211 0.239 
45.341 20.152 11.335 7.255 10.032 5.016 0.200 32.200 1.596 0.315 
51.999 23.111 13.000 8.320 10.527 5.263 0.200 32.200 2.099 0.415 
entrance HLft       exit HL ft 
4' culvert 1' each 
1.5' 
each 2' each 
2.5' 
each 
2' 
culvert 
3' 
culvert 
4' 
culvert 1' each 
1.5' 
each 
2' 
each 
2.5' 
each 
0.006 0.382 0.075 0.024 0.010 -0.077 -0.460 -0.525 1.772 0.239 
-
0.019 -0.090 
0.038 2.454 0.485 0.153 0.063 1.958 -0.503 -0.917 11.991 2.146 0.490 0.037 
0.076 4.845 0.957 0.303 0.124 4.639 -0.221 -1.039 23.869 4.431 1.160 0.266 
0.100 6.385 1.261 0.399 0.163 6.418 0.014 -1.064 31.532 5.915 1.604 0.427 
0.131 8.397 1.659 0.525 0.215 8.776 0.353 -1.065 41.556 7.863 2.194 0.645 
                
assume 
negatives=0       
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friction loss Total Headloss   
2' culvert 3' culvert 4' culvert 
1' 
each 1.5' each 
2' 
each 2.5' each 
2' 
culvert 
3' 
culvert 
4' 
culvert 
0.082 0.009 0.002 0.035 0.035 0.035 0.011 0.177 0.028 0.008 
0.525 0.060 0.013 0.226 0.226 0.226 0.069 3.097 0.182 0.051 
1.037 0.119 0.026 0.446 0.446 0.446 0.136 6.887 0.359 0.101 
1.367 0.157 0.034 0.588 0.588 0.588 0.179 9.381 0.486 0.134 
1.798 0.207 0.045 0.773 0.773 0.773 0.235 12.673 0.974 0.176 
Total Headloss     HW elevation max HW el 
1' each 1.5' each 2' each 
2.5' 
each 
2' 
culvert 
3' 
culvert 
4' 
culvert 1' each 
1.5' 
each 2' each 
2.5' 
each ft 
2.189 0.349 0.059 0.020 747.542 747.393 747.372 749.553 747.714 747.423 747.385 753.030 
14.671 2.857 0.869 0.168 750.750 747.835 747.704 762.324 750.510 748.522 747.822 753.030 
29.160 5.834 1.909 0.526 754.699 748.170 747.913 776.971 753.645 749.720 748.337 753.030 
38.504 7.764 2.591 0.769 757.268 748.373 748.021 786.392 755.652 750.479 748.656 753.030 
50.727 10.296 3.492 1.095 760.643 748.944 748.146 798.697 758.265 751.462 749.065 753.030 
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14 foot culvert, 5% slope 
 
 
 
storm 
Runoff, 
Q 
friction coeff, 
n Slope,s AR^(2/3) 
TW depth, 
d A P 
hydraulic radius, 
r outlet el 
  cfs concrete ft/ft  ft  ft2 ft ft ft 
2 17.423 0.012 0.050 0.628 0.222 1.775 8.444 0.210 747.000 
10 44.152 0.012 0.050 1.590 0.394 3.151 8.788 0.359 747.000 
25 62.041 0.012 0.050 2.235 0.487 3.897 8.974 0.434 747.000 
50 71.222 0.012 0.050 2.565 0.531 4.250 9.062 0.469 747.000 
100 81.680 0.012 0.050 2.942 0.579 4.633 9.158 0.506 747.000 
inlet el 
pipe 
length 
Tailwater 
el 
max HW 
el 
allowable 
H V ft/s 
ft ft ft ft ft 
2' 
culvert 
3' 
culvert 
4' 
culvert 
747.700 14.000 747.222 753.700 6.478 5.546 2.465 1.386 
747.700 14.000 747.394 753.700 6.306 14.054 6.246 3.514 
747.700 14.000 747.487 753.700 6.213 19.748 8.777 4.937 
747.700 14.000 747.531 753.700 6.169 22.671 10.076 5.668 
747.700 14.000 747.579 753.700 6.121 26.000 11.555 6.500 
v ft/s 2 pipes 
V downstream of 
culvert V downstream 2 pipes     entrance HLft 
1' each 1.5' each 2' each 2.5' each ft/s ft/s ke g 
2' 
culvert 
3' 
culvert 
11.092 4.930 2.773 1.775 9.816 4.908 0.200 32.200 0.096 0.019 
28.108 12.493 7.027 4.497 14.013 7.006 0.200 32.200 0.613 0.121 
39.496 17.554 9.874 6.319 15.921 7.960 0.200 32.200 1.211 0.239 
45.341 20.152 11.335 7.255 16.759 8.379 0.200 32.200 1.596 0.315 
51.999 23.111 13.000 8.320 17.628 8.814 0.200 32.200 2.099 0.415 
entrance HLft       exit HL ft 
4' culvert 1' each 
1.5' 
each 2' each 
2.5' 
each 
2' 
culvert 
3' 
culvert 
4' 
culvert 1' each 
1.5' 
each 
2' 
each 
2.5' 
each 
0.006 0.382 0.075 0.024 0.010 -1.019 -1.402 -1.466 1.536 0.003 
-
0.255 -0.325 
0.038 2.454 0.485 0.153 0.063 0.018 -2.443 -2.857 11.506 1.661 0.004 -0.448 
0.076 4.845 0.957 0.303 0.124 2.120 -2.740 -3.557 23.239 3.801 0.530 -0.364 
0.100 6.385 1.261 0.399 0.163 3.620 -2.785 -3.862 30.832 5.215 0.905 -0.273 
0.131 8.397 1.659 0.525 0.215 5.671 -2.752 -4.169 40.780 7.087 1.418 -0.132 
                
assume 
negatives=0       
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friction loss Total Headloss   
2' culvert 3' culvert 4' culvert 
1' 
each 1.5' each 
2' 
each 2.5' each 
2' 
culvert 
3' 
culvert 
4' 
culvert 
0.082 0.009 0.002 0.035 0.035 0.035 0.011 0.177 0.028 0.008 
0.525 0.060 0.013 0.226 0.226 0.226 0.069 1.157 0.182 0.051 
1.037 0.119 0.026 0.446 0.446 0.446 0.136 4.368 0.359 0.101 
1.367 0.157 0.034 0.588 0.588 0.588 0.179 6.582 0.473 0.134 
1.798 0.207 0.045 0.773 0.773 0.773 0.235 9.568 0.621 0.176 
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15 Foot culvert, 0.2% Slope 
storm 
Runoff, 
Q 
friction coeff, 
n Slope,s AR^(2/3) 
TW depth, 
d A P 
hydraulic radius, 
r outlet el 
  cfs concrete ft/ft  ft  ft2 ft ft ft 
2 17.423 0.012 0.002 3.138 0.603 4.826 9.207 0.524 747.000 
10 44.152 0.012 0.002 7.951 1.048 8.382 10.096 0.830 747.000 
25 62.041 0.012 0.002 11.173 1.375 11.002 10.750 1.023 747.000 
50 71.222 0.012 0.002 12.826 1.509 12.069 11.017 1.095 747.000 
100 81.680 0.012 0.002 14.709 1.655 13.242 11.310 1.171 747.000 
 
  
inlet el 
pipe 
length 
Tailwater 
el 
max HW 
el 
allowable 
H V ft/s 
ft ft ft ft Ft 
2' 
culvert 
3' 
culvert 
4' 
culvert 
747.030 15.000 747.603 753.030 5.427 5.546 2.465 1.386 
747.030 15.000 748.048 753.030 4.982 14.054 6.246 3.514 
747.030 15.000 748.375 753.030 4.655 19.748 8.777 4.937 
747.030 15.000 748.509 753.030 4.521 22.671 10.076 5.668 
747.030 15.000 748.655 753.030 4.375 26.000 11.555 6.500 
v ft/s 2 pipes 
V downstream 
of culvert 
V downstream 
2 pipes    Gravity entrance HLft 
1' each 1.5' each 2' each 2.5' each ft/s ft/s ke g 
2' 
culvert 
3' 
culvert 
11.092 4.930 2.773 1.775 3.610 1.805 0.200 32.200 0.096 0.019 
28.108 12.493 7.027 4.497 5.267 2.634 0.200 32.200 0.613 0.121 
39.496 17.554 9.874 6.319 5.639 2.820 0.200 32.200 1.211 0.239 
45.341 20.152 11.335 7.255 5.901 2.950 0.200 32.200 1.596 0.315 
51.999 23.111 13.000 8.320 6.168 3.084 0.200 32.200 2.099 0.415 
entrance HLft       exit HL ft 
4' culvert 1' each 
1.5' 
each 2' each 
2.5' 
each 
2' 
culvert 
3' 
culvert 
4' 
culvert 1' each 
1.5' 
each 
2' 
each 
2.5' 
each 
0.006 0.382 0.075 0.024 0.010 0.275 -0.108 -0.173 1.860 0.327 0.069 -0.002 
0.038 2.454 0.485 0.153 0.063 2.636 0.175 -0.239 12.160 2.316 0.659 0.206 
0.076 4.845 0.957 0.303 0.124 5.562 0.702 -0.115 24.100 4.661 1.390 0.497 
0.100 6.385 1.261 0.399 0.163 7.440 1.036 -0.042 31.787 6.171 1.860 0.682 
0.131 8.397 1.659 0.525 0.215 9.906 1.483 0.065 41.839 8.146 2.476 0.927 
                
assume 
negatives=0       
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friction loss Total Headloss   
2' culvert 3' culvert 4' culvert 
1' 
each 1.5' each 
2' 
each 2.5' each 
2' 
culvert 
3' 
culvert 
4' 
culvert 
0.030 0.003 0.001 0.038 0.038 0.038 0.011 0.401 0.022 0.007 
0.192 0.022 0.005 0.242 0.242 0.242 0.074 3.442 0.318 0.043 
0.379 0.044 0.009 0.478 0.478 0.478 0.145 7.153 0.985 0.085 
0.500 0.058 0.012 0.630 0.630 0.630 0.192 9.536 1.409 0.112 
0.658 0.076 0.016 0.829 0.829 0.829 0.252 12.663 1.973 0.213 
Total Headloss     HW elevation max HW el 
1' each 1.5' each 2' each 
2.5' 
each 
2' 
culvert 
3' 
culvert 
4' 
culvert 1' each 
1.5' 
each 2' each 
2.5' 
each ft 
2.280 0.440 0.130 0.021 748.004 747.626 747.610 749.883 748.043 747.734 747.625 753.030 
14.856 3.042 1.055 0.343 751.490 748.366 748.091 762.904 751.090 749.102 748.391 753.030 
29.422 6.096 2.171 0.766 755.528 749.361 748.460 777.797 754.472 750.547 749.141 753.030 
38.802 8.062 2.889 1.037 758.045 749.917 748.621 787.311 756.570 751.398 749.546 753.030 
51.064 10.633 3.830 1.394 761.318 750.628 748.868 799.720 759.288 752.485 750.049 753.030 
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15 Foot Culvert, 0.5% Slope 
storm 
Runoff, 
Q 
friction coeff, 
n Slope,s AR^(2/3) 
TW depth, 
d A P 
hydraulic radius, 
r outlet el 
  cfs concrete ft/ft  ft  ft2 ft ft ft 
2 17.423 0.012 0.005 1.984 0.452 3.618 8.904 0.406 747.000 
10 44.152 0.012 0.005 5.029 0.815 6.521 9.630 0.677 747.000 
25 62.041 0.012 0.005 7.066 1.016 8.130 10.032 0.810 747.000 
50 71.222 0.012 0.005 8.112 1.112 8.899 10.225 0.870 747.000 
100 81.680 0.012 0.005 9.303 1.218 9.740 10.435 0.933 747.000 
 
  
 
  
inlet el 
pipe 
length 
Tailwater 
el 
max HW 
el 
allowable 
H V ft/s 
ft ft ft ft ft 
2' 
culvert 
3' 
culvert 
4' 
culvert 
747.075 15.000 747.452 753.075 5.623 5.546 2.465 1.386 
747.075 15.000 747.815 753.075 5.260 14.054 6.246 3.514 
747.075 15.000 748.016 753.075 5.059 19.748 8.777 4.937 
747.075 15.000 748.112 753.075 4.963 22.671 10.076 5.668 
747.075 15.000 748.218 753.075 4.857 26.000 11.555 6.500 
v ft/s 2 pipes 
V downstream 
of culvert 
V downstream 
2 pipes     entrance HLft 
1' each 1.5' each 2' each 2.5' each ft/s ft/s ke g 
2' 
culvert 
3' 
culvert 
11.092 4.930 2.773 1.775 4.816 2.408 0.200 32.200 0.096 0.019 
28.108 12.493 7.027 4.497 6.770 3.385 0.200 32.200 0.613 0.121 
39.496 17.554 9.874 6.319 7.631 3.816 0.200 32.200 1.211 0.239 
45.341 20.152 11.335 7.255 8.003 4.002 0.200 32.200 1.596 0.315 
51.999 23.111 13.000 8.320 8.386 4.193 0.200 32.200 2.099 0.415 
entrance HLft       exit HL ft 
4' culvert 1' each 
1.5' 
each 2' each 
2.5' 
each 
2' 
culvert 
3' 
culvert 
4' 
culvert 1' each 
1.5' 
each 
2' 
each 
2.5' 
each 
0.006 0.382 0.075 0.024 0.010 0.117 -0.266 -0.330 1.820 0.287 0.029 -0.041 
0.038 2.454 0.485 0.153 0.063 2.355 -0.106 -0.520 12.090 2.245 0.589 0.136 
0.076 4.845 0.957 0.303 0.124 5.151 0.292 -0.526 23.997 4.559 1.288 0.394 
0.100 6.385 1.261 0.399 0.163 6.986 0.582 -0.496 31.674 6.057 1.747 0.569 
0.131 8.397 1.659 0.525 0.215 9.405 0.981 -0.436 41.713 8.021 2.351 0.802 
                
assume 
negatives=0       
 119 
 
 
   
friction loss Total Headloss   
2' culvert 3' culvert 4' culvert 
1' 
each 1.5' each 
2' 
each 2.5' each 
2' 
culvert 
3' 
culvert 
4' 
culvert 
0.030 0.003 0.001 0.038 0.038 0.038 0.011 0.243 0.022 0.007 
0.192 0.022 0.005 0.242 0.242 0.242 0.074 3.161 0.143 0.043 
0.379 0.044 0.009 0.478 0.478 0.478 0.145 6.742 0.575 0.085 
0.500 0.058 0.012 0.630 0.630 0.630 0.192 9.082 0.955 0.112 
0.658 0.076 0.016 0.829 0.829 0.829 0.252 12.162 1.472 0.148 
Total Headloss     HW elevation max HW el 
1' each 1.5' each 2' each 
2.5' 
each 
2' 
culvert 
3' 
culvert 
4' 
culvert 1' each 
1.5' 
each 2' each 
2.5' 
each ft 
2.240 0.400 0.091 0.021 747.695 747.475 747.459 749.692 747.853 747.543 747.473 753.030 
14.786 2.972 0.984 0.273 750.976 747.958 747.858 762.601 750.787 748.799 748.088 753.030 
29.320 5.994 2.069 0.663 754.758 748.591 748.101 777.336 754.010 750.085 748.680 753.030 
38.689 7.948 2.776 0.924 757.195 749.067 748.225 786.801 756.061 750.888 749.036 753.030 
50.939 10.508 3.705 1.269 760.379 749.689 748.365 799.157 758.725 751.922 749.486 753.030 
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15 Foot Culvert, 1% Slope 
 
 
 
 
 
 
 
storm 
Runoff, 
Q 
friction coeff, 
n Slope,s AR^(2/3) 
TW depth, 
d A P 
hydraulic radius, 
r outlet el 
  cfs concrete ft/ft  ft  ft2 ft ft ft 
2 17.423 0.012 0.010 1.403 0.364 2.915 8.729 0.334 747.000 
10 44.152 0.012 0.010 3.556 0.653 5.225 9.306 0.561 747.000 
25 62.041 0.012 0.010 4.997 0.812 6.494 9.624 0.675 747.000 
50 71.222 0.012 0.010 5.736 0.887 7.099 9.775 0.726 747.000 
100 81.680 0.012 0.010 6.578 0.970 7.759 9.940 0.781 747.000 
inlet el pipe length 
Tailwater 
el 
max 
HW el 
allowable 
H V ft/s 
ft ft ft ft ft 
2' 
culvert 
3' 
culvert 4' culvert 
747.150 15.000 747.364 753.150 5.786 5.546 2.465 1.386 
747.150 15.000 747.653 753.150 5.497 14.054 6.246 3.514 
747.150 15.000 747.812 753.150 5.338 19.748 8.777 4.937 
747.150 15.000 747.887 753.150 5.263 22.671 10.076 5.668 
747.150 15.000 747.970 753.150 5.180 26.000 11.555 6.500 
v ft/s 2 pipes 
V downstream of 
culvert 
V downstream 2 
pipes     entrance HLft 
1' each 1.5' each 2' each 2.5' each ft/s ft/s ke g 
2' 
culvert 
3' 
culvert 
11.092 4.930 2.773 1.775 5.977 2.988 0.200 32.200 0.096 0.019 
28.108 12.493 7.027 4.497 8.450 4.225 0.200 32.200 0.613 0.121 
39.496 17.554 9.874 6.319 9.553 4.776 0.200 32.200 1.211 0.239 
45.341 20.152 11.335 7.255 10.032 5.016 0.200 32.200 1.596 0.315 
51.999 23.111 13.000 8.320 10.527 5.263 0.200 32.200 2.099 0.415 
entrance HLft       exit HL ft 
4' culvert 1' each 
1.5' 
each 2' each 
2.5' 
each 
2' 
culvert 
3' 
culvert 
4' 
culvert 1' each 
1.5' 
each 
2' 
each 
2.5' 
each 
0.006 0.382 0.075 0.024 0.010 -0.077 -0.460 -0.525 1.772 0.239 
-
0.019 -0.090 
0.038 2.454 0.485 0.153 0.063 1.958 -0.503 -0.917 11.991 2.146 0.490 0.037 
0.076 4.845 0.957 0.303 0.124 4.639 -0.221 -1.039 23.869 4.431 1.160 0.266 
0.100 6.385 1.261 0.399 0.163 6.418 0.014 -1.064 31.532 5.915 1.604 0.427 
0.131 8.397 1.659 0.525 0.215 8.776 0.353 -1.065 41.556 7.863 2.194 0.645 
                
assume 
negatives=0       
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friction loss Total Headloss   
2' culvert 3' culvert 4' culvert 
1' 
each 1.5' each 
2' 
each 2.5' each 
2' 
culvert 
3' 
culvert 
4' 
culvert 
0.030 0.003 0.001 0.038 0.038 0.038 0.011 0.125 0.022 0.007 
0.192 0.022 0.005 0.242 0.242 0.242 0.074 2.764 0.143 0.043 
0.379 0.044 0.009 0.478 0.478 0.478 0.145 6.229 0.283 0.085 
0.500 0.058 0.012 0.630 0.630 0.630 0.192 8.514 0.386 0.112 
0.658 0.076 0.016 0.829 0.829 0.829 0.252 11.533 0.843 0.148 
 
   
Total Headloss     HW elevation max HW el 
1' each 1.5' each 2' each 
2.5' 
each 
2' 
culvert 
3' 
culvert 
4' 
culvert 1' each 
1.5' 
each 2' each 
2.5' 
each ft 
2.192 0.352 0.062 0.021 747.490 747.387 747.371 749.556 747.716 747.426 747.386 753.030 
14.687 2.873 0.885 0.173 750.417 747.796 747.696 762.340 750.526 748.538 747.826 753.030 
29.191 5.866 1.941 0.535 754.041 748.095 747.897 777.003 753.677 749.752 748.347 753.030 
38.546 7.806 2.633 0.782 756.401 748.274 748.000 786.434 755.694 750.521 748.669 753.030 
50.782 10.351 3.547 1.112 759.503 748.813 748.117 798.752 758.321 751.517 749.082 753.030 
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15 Foot Culvert, 5% Slope 
storm 
Runoff, 
Q 
friction coeff, 
n Slope,s AR^(2/3) 
TW depth, 
d A P 
hydraulic radius, 
r outlet el 
  cfs concrete ft/ft  ft  ft2 ft ft ft 
2 17.423 0.012 0.050 0.628 0.222 1.775 8.444 0.210 747.000 
10 44.152 0.012 0.050 1.590 0.394 3.151 8.788 0.359 747.000 
25 62.041 0.012 0.050 2.235 0.487 3.897 8.974 0.434 747.000 
50 71.222 0.012 0.050 2.565 0.531 4.250 9.062 0.469 747.000 
100 81.680 0.012 0.050 2.942 0.579 4.633 9.158 0.506 747.000 
   
inlet el 
pipe 
length 
Tailwater 
el 
max HW 
el 
allowable 
H V ft/s 
ft ft ft ft ft 
2' 
culvert 
3' 
culvert 
4' 
culvert 
747.750 15.000 747.222 753.750 6.528 5.546 2.465 1.386 
747.750 15.000 747.394 753.750 6.356 14.054 6.246 3.514 
747.750 15.000 747.487 753.750 6.263 19.748 8.777 4.937 
747.750 15.000 747.531 753.750 6.219 22.671 10.076 5.668 
747.750 15.000 747.579 753.750 6.171 26.000 11.555 6.500 
v ft/s 2 pipes 
V downstream 
of culvert V downstream 2 pipes     entrance HLft 
1' each 1.5' each 2' each 2.5' each ft/s ft/s ke g 
2' 
culvert 
3' 
culvert 
11.092 4.930 2.773 1.775 9.816 4.908 0.200 32.200 0.096 0.019 
28.108 12.493 7.027 4.497 14.013 7.006 0.200 32.200 0.613 0.121 
39.496 17.554 9.874 6.319 15.921 7.960 0.200 32.200 1.211 0.239 
45.341 20.152 11.335 7.255 16.759 8.379 0.200 32.200 1.596 0.315 
51.999 23.111 13.000 8.320 17.628 8.814 0.200 32.200 2.099 0.415 
entrance HLft       exit HL ft 
4' culvert 1' each 
1.5' 
each 2' each 
2.5' 
each 
2' 
culvert 
3' 
culvert 
4' 
culvert 1' each 
1.5' 
each 
2' 
each 
2.5' 
each 
0.006 0.382 0.075 0.024 0.010 -1.019 -1.402 -1.466 1.536 0.003 
-
0.255 -0.325 
0.038 2.454 0.485 0.153 0.063 0.018 -2.443 -2.857 11.506 1.661 0.004 -0.448 
0.076 4.845 0.957 0.303 0.124 2.120 -2.740 -3.557 23.239 3.801 0.530 -0.364 
0.100 6.385 1.261 0.399 0.163 3.620 -2.785 -3.862 30.832 5.215 0.905 -0.273 
0.131 8.397 1.659 0.525 0.215 5.671 -2.752 -4.169 40.780 7.087 1.418 -0.132 
                
assume 
negatives=0       
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friction loss Total Headloss   
2' culvert 3' culvert 4' culvert 
1' 
each 1.5' each 
2' 
each 2.5' each 
2' 
culvert 
3' 
culvert 
4' 
culvert 
0.030 0.003 0.001 0.038 0.038 0.038 0.011 0.125 0.022 0.007 
0.192 0.022 0.005 0.242 0.242 0.242 0.074 0.824 0.143 0.043 
0.379 0.044 0.009 0.478 0.478 0.478 0.145 3.710 0.283 0.085 
0.500 0.058 0.012 0.630 0.630 0.630 0.192 5.716 0.373 0.112 
0.658 0.076 0.016 0.829 0.829 0.829 0.252 8.428 0.490 0.148 
Total Headloss     HW elevation max HW el 
1' each 1.5' each 2' each 
2.5' 
each 
2' 
culvert 
3' 
culvert 
4' 
culvert 1' each 
1.5' 
each 2' each 
2.5' 
each ft 
1.956 0.117 0.062 0.021 747.347 747.244 747.229 749.178 747.338 747.283 747.243 753.030 
14.202 2.388 0.400 0.136 748.217 747.537 747.437 761.596 749.782 747.794 747.530 753.030 
28.562 5.236 1.311 0.269 751.198 747.770 747.572 776.049 752.723 748.798 747.757 753.030 
37.847 7.107 1.934 0.355 753.247 747.904 747.643 785.378 754.638 749.465 747.886 753.030 
50.006 9.575 2.771 0.467 756.007 748.070 747.727 797.585 757.154 750.350 748.046 753.030 
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16 Foot Culvert, 0.2% Slope 
storm 
Runoff, 
Q 
friction coeff, 
n Slope,s AR^(2/3) 
TW depth, 
d A P 
hydraulic radius, 
r outlet el 
  cfs concrete ft/ft  ft  ft2 ft ft ft 
2 17.423 0.012 0.002 3.138 0.603 4.826 9.207 0.524 747.000 
10 44.152 0.012 0.002 7.951 1.048 8.382 10.096 0.830 747.000 
25 62.041 0.012 0.002 11.173 1.375 11.002 10.750 1.023 747.000 
50 71.222 0.012 0.002 12.826 1.509 12.069 11.017 1.095 747.000 
100 81.680 0.012 0.002 14.709 1.655 13.242 11.310 1.171 747.000 
   
inlet el pipe length Tailwater el max HW el allowable H V ft/s 
ft ft ft ft ft 2' culvert 3' culvert 4' culvert 
747.032 16.000 747.603 753.032 5.429 5.546 2.465 1.386 
747.032 16.000 748.048 753.032 4.984 14.054 6.246 3.514 
747.032 16.000 748.375 753.032 4.657 19.748 8.777 4.937 
747.032 16.000 748.509 753.032 4.523 22.671 10.076 5.668 
747.032 16.000 748.655 753.032 4.377 26.000 11.555 6.500 
v ft/s 2 pipes 
V downstream of 
culvert 
V downstream 2 
pipes     entrance HLft 
1' each 1.5' each 2' each 
2.5' 
each ft/s ft/s ke g 
2' 
culvert 
3' 
culvert 
11.092 4.930 2.773 1.775 3.610 1.805 0.200 32.200 0.096 0.019 
28.108 12.493 7.027 4.497 5.267 2.634 0.200 32.200 0.613 0.121 
39.496 17.554 9.874 6.319 5.639 2.820 0.200 32.200 1.211 0.239 
45.341 20.152 11.335 7.255 5.901 2.950 0.200 32.200 1.596 0.315 
51.999 23.111 13.000 8.320 6.168 3.084 0.200 32.200 2.099 0.415 
entrance HLft       exit HL ft 
4' culvert 1' each 
1.5' 
each 2' each 
2.5' 
each 
2' 
culvert 
3' 
culvert 
4' 
culvert 1' each 
1.5' 
each 
2' 
each 
2.5' 
each 
0.006 0.382 0.075 0.024 0.010 0.275 -0.108 -0.173 1.860 0.327 0.069 -0.002 
0.038 2.454 0.485 0.153 0.063 2.636 0.175 -0.239 12.160 2.316 0.659 0.206 
0.076 4.845 0.957 0.303 0.124 5.562 0.702 -0.115 24.100 4.661 1.390 0.497 
0.100 6.385 1.261 0.399 0.163 7.440 1.036 -0.042 31.787 6.171 1.860 0.682 
0.131 8.397 1.659 0.525 0.215 9.906 1.483 0.065 41.839 8.146 2.476 0.927 
                
assume 
negatives=0       
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friction loss Total Headloss   
2' culvert 3' culvert 4' culvert 
1' 
each 1.5' each 
2' 
each 2.5' each 
2' 
culvert 
3' 
culvert 
4' 
culvert 
0.032 0.004 0.001 0.040 0.040 0.040 0.012 0.403 0.023 0.007 
0.205 0.024 0.005 0.258 0.258 0.258 0.079 3.455 0.320 0.043 
0.405 0.047 0.010 0.510 0.510 0.510 0.155 7.178 0.988 0.086 
0.533 0.061 0.013 0.672 0.672 0.672 0.204 9.569 1.412 0.113 
0.702 0.081 0.017 0.884 0.884 0.884 0.269 12.707 1.978 0.214 
   
 
Total Headloss     HW elevation max HW el 
1' each 1.5' each 2' each 
2.5' 
each 
2' 
culvert 
3' 
culvert 
4' 
culvert 1' each 
1.5' 
each 2' each 
2.5' 
each ft 
2.282 0.442 0.133 0.022 748.006 747.626 747.610 749.885 748.046 747.736 747.625 753.030 
14.872 3.059 1.071 0.348 751.502 748.368 748.091 762.920 751.106 749.118 748.396 753.030 
29.454 6.128 2.203 0.776 755.553 749.363 748.461 777.829 754.503 750.578 749.151 753.030 
38.844 8.104 2.931 1.050 758.078 749.921 748.622 787.353 756.612 751.440 749.559 753.030 
51.120 10.688 3.885 1.411 761.362 750.633 748.869 799.775 759.344 752.540 750.066 753.030 
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16 Foot Culvert, 0.5% Slope 
storm 
Runoff, 
Q 
friction coeff, 
n Slope,s AR^(2/3) 
TW depth, 
d A P 
hydraulic radius, 
r outlet el 
  cfs concrete ft/ft  ft  ft2 ft ft ft 
2 17.423 0.012 0.005 1.984 0.452 3.618 8.904 0.406 747.000 
10 44.152 0.012 0.005 5.029 0.815 6.521 9.630 0.677 747.000 
25 62.041 0.012 0.005 7.066 1.016 8.130 10.032 0.810 747.000 
50 71.222 0.012 0.005 8.112 1.112 8.899 10.225 0.870 747.000 
100 81.680 0.012 0.005 9.303 1.218 9.740 10.435 0.933 747.000 
 
 
  
inlet el 
pipe 
length 
Tailwater 
el 
max HW 
el 
allowable 
H V ft/s 
ft ft ft ft ft 
2' 
culvert 
3' 
culvert 
4' 
culvert 
747.080 16.000 747.452 753.080 5.628 5.546 2.465 1.386 
747.080 16.000 747.815 753.080 5.265 14.054 6.246 3.514 
747.080 16.000 748.016 753.080 5.064 19.748 8.777 4.937 
747.080 16.000 748.112 753.080 4.968 22.671 10.076 5.668 
747.080 16.000 748.218 753.080 4.862 26.000 11.555 6.500 
v ft/s 2 pipes 
V downstream of 
culvert 
V downstream 2 
pipes     entrance HLft 
1' each 1.5' each 2' each 2.5' each ft/s ft/s ke g 
2' 
culvert 
3' 
culvert 
11.092 4.930 2.773 1.775 4.816 2.408 0.200 32.200 0.096 0.019 
28.108 12.493 7.027 4.497 6.770 3.385 0.200 32.200 0.613 0.121 
39.496 17.554 9.874 6.319 7.631 3.816 0.200 32.200 1.211 0.239 
45.341 20.152 11.335 7.255 8.003 4.002 0.200 32.200 1.596 0.315 
51.999 23.111 13.000 8.320 8.386 4.193 0.200 32.200 2.099 0.415 
entrance HLft       exit HL ft 
4' culvert 1' each 
1.5' 
each 2' each 
2.5' 
each 
2' 
culvert 
3' 
culvert 
4' 
culvert 1' each 
1.5' 
each 
2' 
each 
2.5' 
each 
0.006 0.382 0.075 0.024 0.010 0.117 -0.266 -0.330 1.820 0.287 0.029 -0.041 
0.038 2.454 0.485 0.153 0.063 2.355 -0.106 -0.520 12.090 2.245 0.589 0.136 
0.076 4.845 0.957 0.303 0.124 5.151 0.292 -0.526 23.997 4.559 1.288 0.394 
0.100 6.385 1.261 0.399 0.163 6.986 0.582 -0.496 31.674 6.057 1.747 0.569 
0.131 8.397 1.659 0.525 0.215 9.405 0.981 -0.436 41.713 8.021 2.351 0.802 
                
assume 
negatives=0       
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friction loss Total Headloss   
2' culvert 3' culvert 4' culvert 
1' 
each 1.5' each 
2' 
each 2.5' each 
2' 
culvert 
3' 
culvert 
4' 
culvert 
0.032 0.004 0.001 0.040 0.040 0.040 0.012 0.245 0.023 0.007 
0.205 0.024 0.005 0.258 0.258 0.258 0.079 3.174 0.145 0.043 
0.405 0.047 0.010 0.510 0.510 0.510 0.155 6.767 0.578 0.086 
0.533 0.061 0.013 0.672 0.672 0.672 0.204 9.116 0.958 0.113 
0.702 0.081 0.017 0.884 0.884 0.884 0.269 12.205 1.477 0.149 
Total Headloss     HW elevation max HW el 
1' each 1.5' each 2' each 
2.5' 
each 
2' 
culvert 
3' 
culvert 
4' 
culvert 1' each 
1.5' 
each 2' each 
2.5' 
each ft 
2.243 0.403 0.093 0.022 747.697 747.475 747.459 749.695 747.855 747.546 747.474 753.030 
14.802 2.988 1.000 0.277 750.989 747.960 747.859 762.617 750.803 748.816 748.093 753.030 
29.351 6.026 2.101 0.673 754.784 748.594 748.102 777.368 754.042 750.117 748.689 753.030 
38.731 7.990 2.818 0.936 757.228 749.071 748.225 786.843 756.103 750.930 749.049 753.030 
50.994 10.563 3.760 1.286 760.423 749.694 748.366 799.212 758.781 751.977 749.503 753.030 
 128 
 
16 Foot Culvert, 1% Slope 
 
   
storm 
Runoff, 
Q 
friction coeff, 
n Slope,s AR^(2/3) 
TW depth, 
d A P 
hydraulic radius, 
r outlet el 
  cfs concrete ft/ft  ft  ft2 ft ft ft 
2 17.423 0.012 0.010 1.403 0.364 2.915 8.729 0.334 747.000 
10 44.152 0.012 0.010 3.556 0.653 5.225 9.306 0.561 747.000 
25 62.041 0.012 0.010 4.997 0.812 6.494 9.624 0.675 747.000 
50 71.222 0.012 0.010 5.736 0.887 7.099 9.775 0.726 747.000 
100 81.680 0.012 0.010 6.578 0.970 7.759 9.940 0.781 747.000 
inlet el 
pipe 
length 
Tailwater 
el 
max HW 
el 
allowable 
H V ft/s 
ft ft ft ft ft 
2' 
culvert 
3' 
culvert 
4' 
culvert 
747.160 16.000 747.364 753.160 5.796 5.546 2.465 1.386 
747.160 16.000 747.653 753.160 5.507 14.054 6.246 3.514 
747.160 16.000 747.812 753.160 5.348 19.748 8.777 4.937 
747.160 16.000 747.887 753.160 5.273 22.671 10.076 5.668 
747.160 16.000 747.970 753.160 5.190 26.000 11.555 6.500 
v ft/s 2 pipes 
V downstream 
of culvert 
V downstream 
2 pipes     entrance HLft 
1' each 1.5' each 2' each 2.5' each ft/s ft/s ke g 
2' 
culvert 
3' 
culvert 
11.092 4.930 2.773 1.775 5.977 2.988 0.200 32.200 0.096 0.019 
28.108 12.493 7.027 4.497 8.450 4.225 0.200 32.200 0.613 0.121 
39.496 17.554 9.874 6.319 9.553 4.776 0.200 32.200 1.211 0.239 
45.341 20.152 11.335 7.255 10.032 5.016 0.200 32.200 1.596 0.315 
51.999 23.111 13.000 8.320 10.527 5.263 0.200 32.200 2.099 0.415 
entrance HLft       exit HL ft 
4' culvert 1' each 
1.5' 
each 2' each 
2.5' 
each 
2' 
culvert 
3' 
culvert 
4' 
culvert 1' each 
1.5' 
each 
2' 
each 
2.5' 
each 
0.006 0.382 0.075 0.024 0.010 -0.077 -0.460 -0.525 1.772 0.239 
-
0.019 -0.090 
0.038 2.454 0.485 0.153 0.063 1.958 -0.503 -0.917 11.991 2.146 0.490 0.037 
0.076 4.845 0.957 0.303 0.124 4.639 -0.221 -1.039 23.869 4.431 1.160 0.266 
0.100 6.385 1.261 0.399 0.163 6.418 0.014 -1.064 31.532 5.915 1.604 0.427 
0.131 8.397 1.659 0.525 0.215 8.776 0.353 -1.065 41.556 7.863 2.194 0.645 
                
assume 
negatives=0       
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friction loss Total Headloss   
2' culvert 3' culvert 4' culvert 
1' 
each 1.5' each 
2' 
each 2.5' each 
2' 
culvert 
3' 
culvert 
4' 
culvert 
0.032 0.004 0.001 0.040 0.040 0.040 0.012 0.127 0.023 0.007 
0.205 0.024 0.005 0.258 0.258 0.258 0.079 2.777 0.145 0.043 
0.405 0.047 0.010 0.510 0.510 0.510 0.155 6.255 0.286 0.086 
0.533 0.061 0.013 0.672 0.672 0.672 0.204 8.547 0.377 0.113 
0.702 0.081 0.017 0.884 0.884 0.884 0.269 11.577 0.495 0.149 
Total Headloss     HW elevation max HW el 
1' each 1.5' each 2' each 
2.5' 
each 
2' 
culvert 
3' 
culvert 
4' 
culvert 1' each 
1.5' 
each 2' each 
2.5' 
each ft 
2.194 0.354 0.064 0.022 747.492 747.387 747.371 749.558 747.719 747.428 747.386 753.030 
14.703 2.889 0.901 0.178 750.430 747.798 747.697 762.356 750.542 748.554 747.831 753.030 
29.223 5.897 1.972 0.545 754.066 748.098 747.898 777.035 753.709 749.784 748.357 753.030 
38.588 7.848 2.675 0.794 756.435 748.264 748.000 786.476 755.736 750.563 748.682 753.030 
50.837 10.406 3.603 1.129 759.547 748.465 748.119 798.807 758.376 751.573 749.098 753.030 
 130 
 
16 Foot Culvert, 5% Slope 
 
   
storm 
Runoff, 
Q 
friction coeff, 
n Slope,s AR^(2/3) 
TW depth, 
d A P 
hydraulic radius, 
r outlet el 
  cfs concrete ft/ft  ft  ft2 ft ft ft 
2 17.423 0.012 0.050 0.628 0.222 1.775 8.444 0.210 747.000 
10 44.152 0.012 0.050 1.590 0.394 3.151 8.788 0.359 747.000 
25 62.041 0.012 0.050 2.235 0.487 3.897 8.974 0.434 747.000 
50 71.222 0.012 0.050 2.565 0.531 4.250 9.062 0.469 747.000 
100 81.680 0.012 0.050 2.942 0.579 4.633 9.158 0.506 747.000 
inlet el 
pipe 
length 
Tailwater 
el 
max HW 
el 
allowable 
H V ft/s 
ft ft ft ft ft 
2' 
culvert 
3' 
culvert 
4' 
culvert 
747.800 16.000 747.222 753.800 6.578 5.546 2.465 1.386 
747.800 16.000 747.394 753.800 6.406 14.054 6.246 3.514 
747.800 16.000 747.487 753.800 6.313 19.748 8.777 4.937 
747.800 16.000 747.531 753.800 6.269 22.671 10.076 5.668 
747.800 16.000 747.579 753.800 6.221 26.000 11.555 6.500 
v ft/s 2 pipes 
V downstream of 
culvert 
V downstream 2 
pipes     entrance HLft 
1' each 1.5' each 2' each 2.5' each ft/s ft/s ke g 
2' 
culvert 
3' 
culvert 
11.092 4.930 2.773 1.775 9.816 4.908 0.200 32.200 0.096 0.019 
28.108 12.493 7.027 4.497 14.013 7.006 0.200 32.200 0.613 0.121 
39.496 17.554 9.874 6.319 15.921 7.960 0.200 32.200 1.211 0.239 
45.341 20.152 11.335 7.255 16.759 8.379 0.200 32.200 1.596 0.315 
51.999 23.111 13.000 8.320 17.628 8.814 0.200 32.200 2.099 0.415 
entrance HLft       exit HL ft 
4' culvert 1' each 
1.5' 
each 2' each 
2.5' 
each 
2' 
culvert 
3' 
culvert 
4' 
culvert 1' each 
1.5' 
each 
2' 
each 
2.5' 
each 
0.006 0.382 0.075 0.024 0.010 -1.019 -1.402 -1.466 1.536 0.003 
-
0.255 -0.325 
0.038 2.454 0.485 0.153 0.063 0.018 -2.443 -2.857 11.506 1.661 0.004 -0.448 
0.076 4.845 0.957 0.303 0.124 2.120 -2.740 -3.557 23.239 3.801 0.530 -0.364 
0.100 6.385 1.261 0.399 0.163 3.620 -2.785 -3.862 30.832 5.215 0.905 -0.273 
0.131 8.397 1.659 0.525 0.215 5.671 -2.752 -4.169 40.780 7.087 1.418 -0.132 
                
assume 
negatives=0       
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Friction loss Total Head loss   
2' culvert 3' culvert 4' culvert 
1' 
each 1.5' each 
2' 
each 2.5' each 
2' 
culvert 
3' 
culvert 
4' 
culvert 
0.032 0.004 0.001 0.040 0.040 0.040 0.012 0.127 0.023 0.007 
0.205 0.024 0.005 0.258 0.258 0.258 0.079 0.836 0.145 0.043 
0.405 0.047 0.010 0.510 0.510 0.510 0.155 3.736 0.286 0.086 
0.533 0.061 0.013 0.672 0.672 0.672 0.204 5.749 0.377 0.113 
0.702 0.081 0.017 0.884 0.884 0.884 0.269 8.472 0.495 0.149 
Total Head loss     HW elevation max HW el 
1' each 1.5' each 2' each 
2.5' 
each 
2' 
culvert 
3' 
culvert 
4' 
culvert 1' each 
1.5' 
each 2' each 
2.5' 
each ft 
1.959 0.119 0.064 0.022 747.349 747.244 747.229 749.181 747.341 747.286 747.244 753.030 
14.218 2.404 0.416 0.141 748.230 747.539 747.437 761.612 749.798 747.810 747.535 753.030 
28.594 5.268 1.343 0.279 751.223 747.773 747.573 776.081 752.755 748.830 747.766 753.030 
37.889 7.149 1.976 0.368 753.280 747.908 747.644 785.420 754.680 749.507 747.899 753.030 
50.061 9.630 2.826 0.484 756.051 748.075 747.728 797.640 757.209 750.406 748.063 753.030 
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Appendix G: Culvert Design Calculations 
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Appendix H: Raw Lab Data 
 
 
 
  
Location Description Date Time Turbidity DO pH Total Phosphorous Total Phos-PO4
-3 Phosphate Flouride Chloride Sulfate Bromide Nitrate
ntu mg/l Tray Mass (g) mL sample added Wet Mass (g) Dry Mass (g) TSS (mg/L) ppb ppb ppb ppb ppb ppb
11/11/2015 8:46am 4.71 11.53 6.08 50.322 265 50.7433 50.3275 20.7547 0.479 1.467 21.9251 16.1625 34885.8447 2841.861 35.2951 -
11/12/2015 3:14pm 5.73 6.25 47.892 171 48.209 47.8916 -2.3392 0.187 0.573 - 54.9 34193.113 3013.776 34.566
11/13/2015 2.93 12.11 6.44 #DIV/0!
11/11/2015 9:00am 1.98 11.54 6.35 49.1098 1078 49.378 49.1146 4.4527 0.195 0.598 - 63.7631 19717.9679 4411.4211 9.0575 -
11/12/2015 3:11pm 2.74 6.37 49.5652 248 49.8323 49.5683 12.5000 - 64.738 19913.2405 4421.0451 19.1206
11/13/2015 4:45pm #DIV/0!
11/11/2015 9:01am 5.63 11.39 5.51 44.6999 350 45.1242 44.6979 -5.7143 0.143 0.437 - 54.8402 7235.4383 5759.519 12.632 17.0772
11/12/2015 3:05pm 6.43 5.64 48.3897 200 48.8475 48.3984 43.5000 - 54.3435 7398.3372 5812.117 13.0472 22.8019
11/13/2015 4.53 5.84 #DIV/0!
3 Culvert Inland side of broken culvert 11/12/2015 3:40pm 8.84 5.63 48.7621 180 49.1396 48.7642 11.6667 53.5766 862.8836 3214.1801 1114.4115 12.0199 30.5897
11/11/2015 9:10am 1.54 8.51 6.45 45.0909 1000 45.32 45.0975 6.6000 - - 71.6089 30807.4339 5035.0319 14.1249 12.2553
11/13/2015 4:30pm 0.55 6.66 48.2801 250 48.5859 48.2836 14.0000
11/11/2015 23.1 7.65 6.42 48.0184 976 48.4505 48.1135 97.4385 - 35.7899 5544.964 5782.1449 - 40.8379
11/13/2015 #DIV/0!
11/11/2015 4.19 11.37 6.59 47.7814 1000 48.1324 47.7919 10.5000 0.211 0.648 - - 58878.3895 11207.2153 20.2353 25.4124
11/12/2015 2:41pm 0.492 6.46 48.255 113 48.581 48.257 17.6991 - 56.3887 60966.7758 12829.9585 20.7723 12.7509
11/12/2015 3:52pm 0.411 6.47 47.1818 250 47.5548 47.1796 -8.8000 - 63.9876 60624.6253 12709.8849 20.1457 18.0158
11/13/2015 #DIV/0!
7 Stream from Fire Pond in E Camp 11/11/2015 32.2 6.08 47.4767 260 47.8015 47.5048 108.0769
6 Culvert upstream by archery range
Total Suspended Solids
Snake River4
Culvert between E and W Camps5
Broken Culvert beside beach- pond side3
1 Stream under bridge
2 Browning Pond (from  W. Camp beach)
Location Description Date Time Turbidity DO pH Total Phosphorous Total Phos-PO4
-3 Phosphate Flouride Chloride Sulfate Bromide Nitrate
ntu mg/l Tray Mass (g) mL sample added Wet Mass (g) Dry Mass (g) TSS (mg/L) ppb ppb ppb ppb ppb ppb
11/11/2015 8:46am 4.71 11.53 6.08 50.322 265 50.7433 50.3275 20.7547 0.479 1.467 21.9251 16.1625 34885.8447 2841.861 35.2951 -
11/12/2015 3:14pm 5.73 6.25 47.892 171 48.209 47.8916 -2.3392 0.187 0.573 - 54.9 34193.113 3013.776 34.566
11/13/2015 2.93 12.11 6.44 #DIV/0!
11/11/2015 9:00am 1.98 11.54 6.35 49.1098 1078 49.378 49.1146 4.4527 0.195 0.598 - 63.7631 19717.9679 4411.4211 9.0575 -
11/12/2015 3:11pm 2.74 6.37 49.5652 248 49.8323 49.5683 12.5000 - 64.738 19913.2405 4421.0451 19.1206
11/13/2015 4:45pm #DIV/0!
11/11/2015 9:01am 5.63 11.39 5.51 44.6999 350 45.1242 44.6979 -5.7143 0.143 0.437 - 54.8402 7235.4383 5759.519 12.632 17.0772
11/12/2015 3:05pm 6.43 5.64 48.3897 200 48.8475 48.3984 43.5000 - 54.3435 7398.3372 5812.117 13.0472 22.8019
11/13/2015 4.53 5.84 #DIV/0!
3 Culvert Inland side of broken culvert 11/12/2015 3:40pm 8.84 5.63 48.7621 180 49.1396 48.7642 11.6667 53.5766 862.8836 3214.1801 1114.4115 12.0199 30.5897
11/11/2015 9:10am 1.54 8.51 6.45 45.0909 1000 45.32 45.0975 6.6000 - - 71.6089 30807.4339 5035.0319 14.1249 12.2553
11/13/2015 4:30pm 0.55 6.66 48.2801 250 48.5859 48.2836 14.0000
11/11/2015 23.1 7.65 6.42 48.0184 976 48.4505 48.1135 97.4385 - 35.7899 5544.964 5782.1449 - 40.8379
11/13/2015 #DIV/0!
11/11/2015 4.19 11.37 6.59 47.7814 1000 48.1324 47.7919 10.5000 0.211 0.648 - - 58878.3895 11207.2153 20.2353 25.4124
11/12/2015 2:41pm 0.492 6.46 48.255 113 48.581 48.257 17.6991 - 56.3887 60966.7758 12829.9585 20.7723 12.7509
11/12/2015 3:52pm 0.411 6.47 47.1818 250 47.5548 47.1796 -8.8000 - 63.9876 60624.6253 12709.8849 20.1457 18.0158
11/13/2015 #DIV/0!
7 Stream from Fire Pond in E Camp 11/11/2015 32.2 6.08 47.4767 260 47.8015 47.5048 108.0769
6 Culvert upstream by archery range
Total Suspended Solids
Snake River4
Culvert between E and W Camps5
Broken Culvert beside beach- pond side3
1 Stream under bridge
2 Browning Pond (from  W. Camp beach)
Location Description Date Time Turbidity DO pH Total Phosphorous Total Phos-PO4
-3 Phosphate Flouride Chloride Sulfate Bromide Nitrate
ntu mg/l Tray Mass (g) mL sample added Wet Mass (g) Dry Mass (g) TSS (mg/L) ppb ppb ppb ppb ppb ppb
11/11/2015 8:46am 4.71 11.53 6.08 50.322 265 50.7433 50.3275 20.7547 0.479 1.467 21.9251 1 .1625 34885.8447 2841.861 35.2951 -
11/12/2015 3:14pm 5.73 6.25 47.892 171 48.209 47.8916 -2.3392 0.187 0.573 - 54.9 34193.113 3013.776 34.566
11/13/2015 2.93 12.11 6.44 #DIV/0!
11/11/2015 9:00am 1.98 11.54 6.35 49.1098 1078 49.378 49.1146 4.4527 0.195 0.598 - 63.7631 1 717.9679 4411.42 1 9.0575 -
11/12/2015 3:11pm 2.74 6.37 49.5652 248 49.8323 49.5683 12.5000 - 4. 38 1 913. 405 4421.0451 19.1206
11/13/2015 4:45pm #DIV/0!
11/11/2015 9:01am 5.63 11.39 5.51 44.6999 350 45.1242 44.6979 -5.7143 0. 43 0.437 - 54.8402 7235.4383 5759.519 12.632 17.0772
11/12/2015 3:05pm 6.43 5.64 48.3897 200 48.8475 48.3984 43.5000 - 54.3 35 739 .3372 5812.117 13.0472 22.8019
11/13/2015 4.53 5.84 #DIV/0!
3 Culvert Inland side of broken culvert 11/12/2015 3:40pm 8.84 5.63 48.7621 180 49.1396 48.7642 11.6667 53.5766 862.8836 3214.1801 1114.4115 12.0199 30.5897
11/11/2015 9:10am 1.54 8.51 6.45 45.0909 1000 45.32 45.0975 6.6000 - - 71.6089 30807.4339 5035.03 9 14.1249 12.2553
11/13/2015 4:30pm 0.55 6.66 48.2801 250 48.5859 48.2836 14.0000
11/11/2015 23.1 7.65 6.42 48.0184 976 48.4505 48.1135 97.4385 - 35.7899 5544.964 5782.144 - 40.8379
11/13/2015 #DIV/0!
11/11/2015 4.19 11.37 6.59 47.7814 1000 48.1324 47.7919 10.5000 0.211 0.648 - - 58878.3895 11207.2153 20.2353 25.4124
11/12/2015 2:41pm 0.492 6.46 48.255 113 48.581 48.257 17.6991 - 5 .3887 60966.7758 12829.9585 20.7723 12.7509
11/12/2015 3:52pm 0.411 6.47 47.1818 250 47.5548 47.1796 -8.8000 - 63.9876 60624.6253 12709.8849 20.1457 18.0158
11/13/2015 #DIV/0!
7 Stream from Fire Pond in E Camp 11/11/2015 32.2 6.08 47.4767 260 47.8015 47.5048 108.0769
6 Culvert upstream by archery range
T tal Suspended Solids
Snake River4
Culvert between E and W Camps5
Broken Culvert beside beach- pond side3
1 Stream under bridge
2 Browning Pond (from  W. Camp beach)
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Appendix I: Hydrographs 
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